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Weapon-pointii‘'.g  data  for  the  hit-probability  analysis  of 
stabilized  vehicle-inountcd  Vveapon  systems  have  long  been  obtained  by 
high-speed  photographic  techniques,  which  do  not  provide  a real-time 
analysis  capability,  as  film  must  be  processed  and  requires  excessive 
data-reduction  time  (film  reading).  Infrared  (ir)  tracking  systems, 
also  in  use,  provide  no  image  and  therefore  are  extremely  difficult  to 
set  up  and  aline.  The  Gated  TV  (GTV)  system  Xi^fgure  1)  'cmisistlng  of 
a ’'ideo  camera,  a tracker  error  proces.sor  (tracker)  (TEP)  , a video 
monitor,  and  a digital  or  analog  recorder,  will  derive  vjeapon-pointing 
errors  as  digital  numbers  or  analog  voltages  proportional  to  angular 
elevation-and-azimutli  errors  in  real  time.  This  output  can  lie.  recorded 
or  presented  directly  to  automatic  data-processlng  equipment  (ADPE) 
to  obtain  weapon-pointing  data  as  a function  of  time.  This  instrumen- 
tation provides  the  basis  for  measuring  target  i)osition,  lead  angle, 
and  target  angular  rate.  Utilizing  such  informa'tion,  stabil.ization 
and  tracking  studies  of  main  and  secondary  weapon  systems  are  readily 
accomplished. 
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Sliu-f  ttif  criu!  liata  aii'  avallal'lc  iit  ti-tl  tliiu',  ( li<‘  illnH-toi' 

can  moiillov  const  ant  1 y , pi  ov  id  iny,  closu'  I'onirol  I'l  the  loiit  aiul 
rapUlly  corri'ctlny.  sliuailons  that  inip.t't  rcMiilt  in  t lie  loss  oi 
valuable  test  Items  or  critical  data;  iiioia'over,  a vldei>  monitiir  in 
the  system  piovliles  a pii  tnre  ot  when'  the  weapon  Is  point  inp,.  Many 
costly  retests  are  thus  avoliloil,  and  better  control  yii'lils  more  viable 
(la  t a . 
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Tlu'  tlTV  systi'm  determines  the  point  inp.  anp.les  ol  the  Wi'apons  anil  liie- 
cuntrol  systems  of  combat  vehicles.  I'lp.nre  1 Is  a block  dlap.ram  ot 
this  sys.tem.  A video  camera  and  li'us  are  mounted  on  and  bores  i )'.ht  ed 
with  the  pun  tube  of  the  comb.it  vehicU'.  'I'lie  video  picture  is  trans- 
mitted by  cable  or  microw.ive  link  to  .in  i ns  t t umen  t .i  t ion  \'.in  eon  I ,i  I n 1 up, 
the  lUher  system  cotaponent  s . i'he  ri'celved  composite  video  sip.nal  is 
fed  to  the  Tl'l',  and  ;in  aunotateil  video  sip.nal  i .'i  ted  t torn  the  tracker 
to  a vldi'c)  monitor.  'I'he  tracker  coiu’erts  the  t.irp.et  position  within 
the  video  plctufi.'  to  d 1 p.  i t a 1 and  aualop  values  )>  ropor  t i ona  I in  real 
time  t(>  tla'  t.'irp.el  displacement  from  a predet  ermiiu'd  boresip.ht.  'I'lu'se 
valne.s  are  t lieu  recorded  on  ta(>e  or  sent  directly  to  the  APl’l.. 

The  two  most  iinportiint  ci'iiiponent  s ot  the  svstem  .tii'  the  video 

rnmera  and  the  video  tr.icker.  The  vldi'o  monitot  is  merely  a means  toi 
viewing,  the  dat;i  pt-nerat  ion  and  monitorlnp  the  tr.ickiiip,  ph.ise  ot 
tectlnp.  AJthoup.h  these  capabilities  are  tiivaltiable  tor  te':t  I'oiilral, 
data  checklnp,,  and  sy.slem  inst.al  1 ;it  ion  ,ind  alinement,  the  video  monlto. 
play.s  no  I’art  In  the  etror-sipnal  p,.'ne  rat  i on . The  dipital  .md  an.ilop, 
recorders  are  time-tested  devices,  and  while  it  Is  ess-enti.il  to  the 
operation  of  the  C'J'V  system  that  they  iunctlon  pioperly,  they  aie  simp! 
data  loppers  .nid  have  tiotliinp  to  do  with  the  ei  ror-s  1 p.ii.i  I p.ene  i .i  t 1 on  . 

4 

The  video  camer.i,  lonp  repardi-d  as  merely  an  Im.ipln;;  device,  plays  .i 
primary  role  in  the  t.’TV  system.  Since  tin-  tracker  inptit  Is  the  video 
signal  from  tlie  caraer.i,  tho  camera  is  the  t r.insdneer  lor  t ho  tii'V 
system.  Tlie  vidi'o  c.iiiiv'ra  must  bo  slal'le,  rnp.p.od,  .ind  liiu.ii,  .iiid  h.ivo 
a wide  dynamic  r.anpe  to  ensure  tliese  eb.i  rac  t er  I s t I es  In  I be  over, ill 
system  perfin'inaiu’e . Tlu'  lens  en  the  vidieo  e.imeia  must  also  possess 
the  same  chartic  l er  I st  1 es  . Clriiip  I np.  1 lie  foc.il  lenp.tli  ot  the  Ions 
chanpes  the  field  I'l  view  (I'tH’!  ol  tho  video  e.im.'iM.  Siiue  I h.'  I r.ickoi 
resolution  is  a fixed  peieeiilap.e  fO. vi' i t 1 c.i  t 1 ol  tile  It'V,  the 
rosol  lit  U>ri  ot  accuracy  of  tho  systi'in  is  a Iunctlon  ot  the  locil  lonp.lh 
of  the  fens.  ITir  c.x.imp  I o , .i  2lh  Inch  (bll.S-mm)  tioc.il  leiip.lhl  Ions  on  i 
1-lnch  (25.ti-mm)  vldlcon  c.tmor.i  vlolds  a system  veitlc.il  lA'V  ol 
mils  and  an  accuracy  ol  'D.ihS  mil;  an  SO-  IncIi  t.'O’iJ-mml  loiui  vlolds  .in 
accuracy  of  '0.02  mil  hut  .in  TiH’  ot  only  i'l. 8 mils.  A traih'  id  I exists 


*B1<0WN 


bct\jc'en  tlie  dosJrccl  accuracy  and  the  FOV  required  to  accoinmo(]ate 
system  errors  and  dynamics,  lend  angles,  superelev.ation,  etc. 

The  tracker  accepts  as  its  Input  the  video  signal  from  the  camera. 

'Jills  video  signal  Is  a high-frequency  analog-voltage,  stream  of 
sequential  lef t-to-ri ght  top-to-bottom  (Ignoring  image  reversal  by  the 
lens) scans  of  the  camera  image  area.  The  tracker  searches  this  Input 
signal  for  a discontinuity:  a voltage  higher  than  an  operator- 
established  threshold,  meaning  a target  brigliter  than  the  background; 
or  a voltag(>  lower  than  a tlireshold,  meaning  a target  darker  than  the 
background.  By  identifying  tlie  target  I'ositlon  in  the  input  stream, 
the  tracker  determines  the  target  position  In  the  FOV.  This  ojieration 
is  ;iccompllshod  at  the  standard  video-field  (there  arc  two  fields  to, 
every  2:1  Interlaced  frame)  scanning  rate  of  60  times  per  second. 

Since  the  standard  video  1 Ine-scannlnj;  rate  is  approximately  250  lines 
per  field  (500  per  frame)  in  the  active  image  area,  maximum  resolution 
is  1 line  in  250,  or  0.4%  of  the  FOV.  This  resolution  can  be  increased 
by  higher  scan  rates;  for  Instance,  anotlier  standard  scanning  rate  is 
800  lines  per  frame,  400  per  field,  yielding  a resolution  of  1 line  in 
400  or  0.25%  of  the  FOV.  The  trade  off  is  that  the  higher  scanning 
rate  is  somicwhat  specialized  and  the  associated  equipment  is  consider- 
ably more  expensive  and  less  available.  There  are  applications,  however, 
where  the  liighcr  resolution  is  required,  such  as  tracking  through  the 
gunner's  slg.ht  . 

Tlie  tracker  is  cajjable  of  edge  or  centroid  tracking.  In  the  edge  mode 
the  operator  can  select  the  leading  edge  of  the  target  that  ho/she 
wants  to  be  tr.ickcd.  This  mode  is  particui.arly  useful  for  large  targets 
that  nay  extend  out  of  the  FOV.  In  the  centroid  mode  the  tracker 
digitally  pcTforms  the  mathematical  operations: 

X = Xda/XdA  Y = YdA/ / dA  , 

to  locate  and  track  the  center  of  area  (A)  of  the  target. 

A tr.Tcklng  gate  limits  the  proce.ssing  of  target  Information  to  an  area 
automatically  adjustable  in  size  from  5%  to  80%  of  the  FOV.  The  gate 
can  be  manually  j'ositloned  or,  using  an  electronic  servo  loop,  the 
gate  will  position  itself  such  that  the  center  of  tlu?  gate  coincides 
with  the  tracking  point  (edge  or  centroid)  in  the  preceding  video 
field;  thus,  in  the  current  video  field,  the  tracker  will  only  search 
for  the  new  target  position  in  an  area  the  size  of  the  gate  around  the 
last  known  target  position.  UTille  somewhat  limiting  frequency  response 
wllh  small  gate  sizes  the  gate  greatly  enhances  the  system  noise 
immunity  and  tracking  ability. 
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Tlii’  t r;u'kt'r  iil.-u’  ('I'lU'v.U  I’S  a rotlolf  illr.play  on  tin'  iiiDnitor,  luill- 
Ciitiii)',  tlu‘  (H'lUi'r  of  lilt'  I'OV  or  the  boros  i plit  ri'toioiioo  point.  'I'liit; 
rotlclo  aiilti  in  syst  om  "sot  np  niul  allm'iiiont.  An  .uiil  i t ional  It-ainro 
allows  t lio  r.oro  ri‘l  o tonot'  point  t ii  bi'  I loiii  t lio  I'l'otor  ol  tin-  I'OV 

am!  pos  i t ioiu'd  liy  t lu-  oporator. 

Tlu"  trac'kor  lias,  tbroi'  illtti'icnt  onti'iits.  'I'lio  vidoo  onti'iit  |>ri'diuo.s 
tlio  display  on  tlu-  vidoo  monitor,  aidinp,  systom  .'otnp,  alinomoni,  and 
oporation.  'I'lio  dis.ital  outputs  aro  I lu’  oliiol  error  output  sip.n.ils, 
as  all  Intornal  p rooi'is-i  1 ip',  is  dip.it.il,  and  liip.it.il  d.ita  .iro  t ho  most 
di‘slrabK'  lor  tuithor  I'roooss  inp,.  'I'boso  dip.it.il  sip.nal.s  .aro  I's 
complomont  or  12 ' s lomp  lomont  , b to  1?  bit  (ilopond  i n.r.  on  t bo  losolutlon 
detormiiu'd  by  the  so. in  rato)  Pinary  numbois,  i ml  i o.i  t 1 up.  t lu‘  t.irp.ot 
position  in  a oarti'sian  coordinate  l.udilon.  'I'bo  .iddition  ol  .inalop,- 
to-dip,ital  otMivi'i  1 ors  within  the  iraokor  p.onor.iti's  altorn.ilo  .lualop, 
outputs  varyiii)’,  botwi-on  -h  and  t-^  volts,  proportional  to  tlu'  t.iip.i't 
position.  'I'lu'so  anali'p,  output;',  provldi-  a oonvinliMil  mo. ins  »>l  I'liookini’, 
field  data.  Two  di.o.ital  displays  on  the  Irinit  p.inol  of  the  t r.n  koi' 
also  provide  oonvoniont  roadmils  of  the  error  sip.u.ils. 

The  ieasibility  ot  the  (tl'V  system  w.is  1 1'  hi*  toslo.l  by  ov.i  1 ua  I i n.o,  t lu' 
systi'in  with  tlu-  li'llowinp,  eriti-ria:  I bt-  .system  .sliould  lunclion  .is 
anticipated  and  prv'vido  at  leai.t  the  .s.niu'  amoiait  ot  d.iia  .is  is  ilerived 
from  the  hiph-spood  pho  t op.iaiph  i c t oobn  i ipuss  and  It  tr.iokinp.  ivsiems; 
the  systom  sliou'd  be  pr.icllc.il  I rom  .i  ;d  .imlp.' int  ot  o.iso  ol  liut.ill.i- 
tlon  ami  opi'r.i  t i on ; the  system  accuracy  under  tiild  Inst  i uiiioi.t  .it  ion 
conditioms  should  be  at  least  that  demanded  by  the  ir.ickinp,  .nid 
stabilizer  Lesiinp,  for  whioli  it  would  bi'  useil . 

LAbOkAWKY  Tl'lSiS 

Not  only  w.is  the  (.'TV  system  .i  lU'W  Inst  rumeniat  ion  svstem,  but  the 
video  camera  w.is  an  entiri’ly  m'w  form  i>r  t r.insvlucei  to  I'o  used  lor 
data  collection.  flius  the  video  camera  and  '1111',  the  m.iiii  i-omponent  s 
of  the  f;TV  sy.sten,  flr.st  nmlerwent  exti'iisive  laboratory  I’v.i  I u.i  t i I'li 
desip.ned  to  veril''  I lu-  oper.it  ion  and  accuracy  tbioup.li  .i  poiiit-bv- 
point  amilysls  of  predicleil  outputs  veisus  aetu.il  output;;.  I .ibo  r.i  I e i y 
tt'sts  were  di'sip.iieii  to  (,'valuati'  syslimi  st.ilic  llm.iiitv,  dvii.imic 
llnea’Mty,  freipuMicy  re.spoiise  and  pli.ise  l.ip,,  and  mecli.in  i i-.i  I ;.i.ibilllv 
In  a vibration  environment.  Tin'  1 .ibora  t ory  lest;'  were  ilesip.ned  to 
uncover  potent  ial  problem  ari'as  before  tleld  testlnp,  ami  to  pii'vlde  a 
data  base  that  would  minimize  the  data  tvi  be  ev.ilu.itevl  dnrlnp,  Held 
testlnp.  Tills  would  allow  the  chief  coiici'ins  of  the  fielil  tesiln.c,  to 
be  ease  of  installation  and  opi'ra.1  Ion.  system  dur.iblllty,  ami  tleld 
suitability. 
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The  ohjt'cr  J ve  ol  I he  sf.iLie  .system  ev.il  ii.il  ion  w.is  to  di- 1 eDii  i lU'  .1 
coiTel.\t  ion  between  the  t.ii  i’.el  |)Ositii'n  in  tlu-  I'DV  ;nul  the  ouli'iit  of 
tlie  system.  The  eval'niit  ion  of  file  eomiili'te  system  was  eoiidiieteil  by 
testlnj;  the  tr.ieUer  for  linearity  and  tlun  addini’,  the  oihei  eoinponents 
of  the  systi'iu,  e.imera  anil  monitor,  .ind  i-va  1 na  t i nj',  the  system  as  a 
whi'le  as  each  lompouent  was  added. 

To  ti’st  I hi'  linearity  of  t lie  traeker,  a <m  1 I br.i  I ed  v i deo-t  es  I -pa  1 I ern 
p.enerator  w.is  used  to  p.enerati'  .1  video  sijpial  eons  i st  i np,  of  .1  line.ir 
dot  array  eoverlnp,  the  entire  I'OV.  The  dots  in  I hi'  lim-ar  .irr.iy  wen* 
assigned  lunin'rieal  labels  in  a i-.irtesian  eoordinate  lasliieii.  A line.ii' 
rop.tesslon  analysis  w.is  pertormed  on  the  traeker  output  values  feir  the 
points  .IS  a nnmerie.il  evaluation  of  traeker  1 i lU'.ir  i t y . 

An  industry  standard  iiroci'dnre  exists  foi  ev.i  I ii.i  t i up,  tlu'  liin'.irity  of 
video  eameras.  This  proeedure  ntili:es  .111  hlA  St.nidird  Video 
Linearity  Test  (Ih.irt,  a video  bar-dot  mixer,  and  ,1  video  monitor. 

The  ti'sl  iiattern  is  i>laei'd  so  that  it  I'xaelly  I ills  the  I'DV  ol  the 
video  camer.i.  The  video  output  is  run  through  .1  b.ii-dot  mixer, 
where  it  is  mixed  with  a ealibr.iti'd  eleelronie  pa  id  .iiul  is  then  ted 
to  the  video  monitor.  By  notinp  the  allnement  ton  the  nonllor) 
between  the  test  pattern  and  the  eleefronie  prid,  the  I'.iitier.i  line.irily 
can  be  verified  or  adjusted  to  iZ  or  li'ss  I'f  the  pieture  are.i. 

Durinp  this  test  a new  solid-state  Im.ip.e-dev  i ee  video  eami-ra  w.is 
examined.  The  camera  used  .1  eharp.e-eoup  1 1 d device  (t!L’d)  for  the  imap.e 
sensor,  which  was  a 120  by  lAA  line.ir  array  of  1 i pjil -s.ensi  t i \’e  I'lements. 
The  linearity  of  this  camer.i  w.is  verified  to  well  within  1!'  I'f  the 
picture  area.  Becaus,'  tlu'  picture  on  the  (U'.h  camera  is  forme. I,  not 
by  a sweepinp  beam  but  by  fixed  elements,  this  caiv.er.i  was  cons.idered 
to  be  inheiently  stable  in  linearity  ;ind  picturi-  aspect  ratio.  For 
this  reason,  thiii  camera  w.is  used  when  pcisslbli'  durinp,  the  evaluation 
of  the  ('.TV  system;  however,  much  ter.tinp,  was  aci'omp  I i shed  befi'ie  the 
cell  caiiii-ra  was  available. 

The  objei'tive  of  the  dynamic  system  linearity  test  was  to  malie  t hc> 
same  linearity  evaluation  as  the  stal  Ic  system  Ihie.n  ity  test,  but  this 
time  to  use  a riKn’inp,  tarpet  . This  test  is  an  e^;t  veiael  y valu.ible 
laboratory  test  because  all  te;;t  scen.irlo;.  in  which  this  Inst  rumental  ion 
would  be  used  wcni  I d be  dynamic.  A liiiv'ar  arrav  I'l  2‘1  compuier- 
nddri'ssable  llp.ht  emittinp,  diodes  (l.lTisl  (Fip.ure  21  w.is  placed 
completely  within  the  FdV  of  a CCD  soliil-slale  vidi'o  c.'imi'ra,  ciuineeted 
to  the  tracker.  The  l.KHs  weie  liphted  In  succession  by  the  computer 
and  the  tracker  dipital  mitpiit  was  sampled  by  the  computer  .ind  storoil 
in  till'  memory  with  the  l.FD  drivinp  lunctii'ii  for  later  proceiai i up,. 
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Figure  2 Dyiinmic-  Linearity  and  Frequency  F.val nation  Setup 

Since  tlie  T.I’Ds  were  arranged  in  a linear  array,  the  tracker  outputs 
could  be  compared  to  the  known  positions  of  the  LEDs  to  verify  the 
tracker  dynamic  linearity.  The  linearity  of  the  tracker  outputs 
was  verified  using  tlie  same  linear  regression  analysis  as  in  the 
static  evaluation.  liacli  LED  was  activated  30  times  in  succession 
and  the  arr.ay  was  swept  in  a sawtooth  wave  fasluon  so  that  1000  data 
points  (3.7  mi  11  i si'conds  apart)  were  taken.  As  discussed  in 
following  paragraphs,  phase  lag  was  evident  in  the  tracker  outputs 
during  tlii.s  dynamic  testing.  The  linear  regression  routine,  accounted 
for  this  pliase  lag  by  iterating  the  regression  subreutine,  each  time 
stepping  the  tracker  output  data  back  one  sample  interval,  until  the 
standard  deviation  was  minimized.  Indicating  the  best  fit.  Because 
field  data  should  never  be  discont i nuous , as  wore  the  discrete  hliD 
positions,  tlie  linear  regression  analysis  was  performed  on  the  time- 
displaced  data,  disregarding  data  iKiints  falling  at  the  transitions 
in  I.ED  positions.  ^ 

Because  the;  tracking  systt'm  is  to  be  used  to  track  moving  or 
stationary  targets  in  a dynamic  (moving-vehicle , vibration,  etc.) 
environment,  the  freqiu-ncy  response  of  the  system  is  an  essential 
parameter  and  could  be.  a limiting,  factor  for  some  applications.  The 
term  "break  lock"  is  used  when  the  speed  of  target  movement  In  the 
FOV  has  exceeded  I bv-  i racking  abil  ity  of  the  Tld’.  Since  the  TEE 
inserts  a gate  and  larg.et  tlag  into  the  video  signal  going  to  the 
monitor,  which  follows  the  target  wlien  It  Is  tracking  propt-rly, 
breaking  lock  is  readily  visible  to  the  operator.  Bri'aklng  lock 
often  (and  for  extended  periods  during  data  acquisition)  is  extremely 
undesirable  as  data  tnitpuL  during  this  time  is  meaningless. 

Phase  lag  in  also  an  important  parameter,  as  there  Is  a delay 
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between  tnrget  ar()u  isitlon  and  llie  loeatien  and  presenu  at  ion  of  the 
error  outputs.  This  phase  iaf;  imist  be  known  wliere  precise  time 
correlation  between  target  ]H>sltion  and  otlier  data  outputs  is 
essential  to  the  iorniat  of  the  test  for  which  this  information  it: 
be  in};  used. 

A basic  iindcrstandinj’,  of  the  theory  of  operation  of  the  Ti;!’  lends  to 
the  following  hypothesis  of  system  frequency  response  and  phase  lag: 

a.  The  output  of  the  TKP  is  updated  once  per  field  or  60  times 
per  secoi  1;  therefore,  the  maximum  theoretical  frequency  for  proj'cr 
track  (meaning  target-deflection  reconstruction  from  the  tracker 
output)  i>f  pure  sine-wave  deflection  would  be  30  Hs.  Since  this 
Nyquist  sampling  rate  is  theoretical  and  would  not  yield  a desirable 
output  foi  test  data,  it  is  suspected  that  the  maximum  frc'quency 
should  be  considered  as  substantially  lower  than  30  llz,  or  as  low  as 
10  Hz. 

b.  Because  of  the  Icf t-to-rlght  top-to-bottom  (of  the  reproduced 
picture)  sweep  of  the  video  image  device  in  the  camera,  target- 
acquisition  lime  decreases  as  tlie  target  moves  up  and  left  in  the  I'OV. 
The  best  case  of  time  lag  in  target  acquisition  was  when  the  target 
was  in  tb.e  lower  right  corner  of  the  FOV  (one  sample)  and  in  the  upper 
left  corner  (succeeding  sample).  In  this  case  the  output  lag  would 

be  the  vertical  retrace  time  plus  two  horizontal  sweep  times  (two 
horizontal  sweeps  of  the  target  are  required  for  target  acquisition) 
or  approximately  627  microseconds.  The  worst  case  would  be  when  the 
target  moved  from  upper  left  to  lower  right.  The  time  lag  here  would 
be  the  time  required  for  two  vertical  scans  minus  two  horic.ontal  scans 
plus  one  vertical  retrace,  or  approximately  'ih  milliseconds.  Since 
all  other  forms  of  target  movement  are  between  these  two  extremes, 
with  the  target-movement  frequency  being  low  in  most  instances,  llie 
average  lag  of  17  milliseconds  between  target  position  and  data  output 
is  probably  a viable  approximation,  ignoriii};  the  peisistence  of  the 
video  image  device  or  camera  delays.  Only  the  area  within  the  gat(' 
is  searched  for  target  information,  and  the  position  is  proilnced 
immediately  following  target  acquisition  in  the  edge  tr.-ick  iiiode;  in 
centroid  track  the  target  position  is  produced  at  the  completion  of 
sweeping  the  entire  gate.  This  will  jjroduce  differing,  results  for 
rapidly  v.arying  signals. 

\ 

c.  Since  the  gate  position  is  updated  once  per  field  and  is 
calculated  to  center  on  the  output  of  the  preceding  field,  the  gate 
will  break  lock  if  the  targct-def’lectlon  horizontal  component  during 
1/60  second  exceeds  half  the  }’,ate  width  or  the  vertical  component 
exceeds  half  the  gate  height. 
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d.  Because  tracklnt;  and  p.ate  display  Is  lost  as  soon  as  any 
edge  of  the  gate  goes  out  of  the  I’OV,  tlic  target  must  remain  in  an 
area  of  heiglit  equal  to  ttie  FOV  vertical,  dimension  minus  tlie 
helglit  of  tile  gate  and  in  width  o<  i to  the  FOV  liorizontal  dimension 
minus  the  width  of  the  gate. 

This  evaluation  utilized  the  same  method  and  data  as  the  dynamic 
linearity  test.  The  sweeping  LED  array  (Figure  2)  providi'd  a goo<l, 
accurately  contiolled  simulation  of  a moving  target,  and  it  was  easy 
to  compare  the  UlD  driving  function  with  the  tracV.er  outi>e.i  to  verify 
frequency  response  and  phase  lag.  it  was  decided  lliat  frequency- 
response  measurements  should  be  taken  with  the  entire  targ.et  deflec- 
tion within  the  gate  and  the  gate  in  the  manual  position,  to  eliminate 
the  variable  of  gate  size,  which  is  operator  adjustable. 

Figure  3 is  a sample  of  several  plots  of  the  LIT)  function  and  the  CTV 
outputs  versus  time.  These  plots  clearly  indicated  that  the  CTV 
outputs  lag  the  LF.D  positions  by  a generally  constant  time.  Tliis  lag, 
was  arrived  at  analytically  by  taking  the  averagt?  nnmbor  of  data 
samples  that  the  linear  regression  r.outlne  liad  to  shift  the  CTV  output 
data  to  achieve  a best  fit,  and  multiplying  tliat'  number  by  rlie  mmple 
interval.  The  average  shift  was  9.37  samples;  samples  were  tak<-n 
3.7  milliseconds  apart,  indicating  that  the  average  lag  is  34.7 
milliseconds,  approximately  two  vidco-fieid  times. 

In  this  experiment  the  LEI)  driving  function  was  a step  funi  tion,  so 
the  CTV  outputs  could  be  considered  as  a step  response  having  an 
average  rise  time  of  34.7  milliseconds.  Applying  tlie  commonly  used 
formula : 

3-dB  frequency  = 0.35  : rise  time 

yields  a frequency  of  10  Ilz.  Although  3 dB  is  rkniningless  in  terms 
of  the  digital  processing  within  tlie  tracker,  this  frequency  could 
be  considered  to  be  the  point  above  wliich  bre.cking,  lock  would  occur. 

It  was  anticipated  that  the  CTV  system  would  be  used  extensively  for 
an  evaluation  of  vehtcular-mounted  systems,  an  environme-nt  tliat 
would  .subject  the  video  camera  and  l('ns  to  considerable  vibration. 

To  evaluate  the  i>er forinance  of  the  .system  in  this  environment,  t'o.e 
camera,  lens,  and  mount  wc;re  firmly  mounted  on  a package  testt-r 
and  then  shaken  in  such  a way  tliat  llic  lest  items  w’ere  sntijtcted  to 
accelerations  very  similar  to  (if  not  more  severe  than)  those  recorded 
on  the  camera  position  of  a moving  vc-hiclc. 
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mS(U'SS10N  OK  1 AUOKATOKY  I'KSTS 

Ri'riUiso  iiiost  tii'Ui  ii'i'i'iil  i iiy.-.iiKl-nKMsuf  i 111’,  i i>':;  .ni'  r.i  H I'r.i  ( I'd 
ti'  within  only  I"  of  full  so.tlo,  thi^;  v.ilno  wns  oh.';n-n  .is  ,i 
critorion  hv  wliich  to  Jiulyo  t lio  ovoi.itl  ;u'onr.u-y  of  t ho  (.M'V  svstom. 
Thf  labor, itory  st  a t Ic- I < no.ir  i t v tosts  Uorionstr.ito  tli.it  t ho  ilTV 
sytilow  (traokor  anil  oaiiior.i'l  is  1 Inoar  within  1“  ol  full  sio.ilo, 
boc.ui.so  all  il  i f f oronoos  botwoon  tho  ob.sorvoil  onti’iits  aiul  t ho  lino.ir 
ro}’,rossion  jivoil  i o t oil  outputs  .iro  loss  t h.in  O.Of  volt.  Uyn.niiio 
linoaiity  w.is  o.i  1 .-n  1 a t oil  u.'ini’,  .i  2.1  S (st.nulaiil  ilov  i.i  t ionl  ostim.ito 
level  , a strlet  linearltv  oritorion,  pro.l  i o t inv,  th.it  'i'’'  of  tho  t imo 
the  output  will  be  within  tho  oa  1 on  1 a t oj  llne.irity.  Kor  oontroiii 
track  .ir.imnth  .iiul  eli'v.it  ion,  this  v.iluo  was  within  Tot  for  I'llpo 
track  attlniuth  atui  elevation,  this  value  was  slic.htlv  c.realer  th.m 
1%  but  was  within  2',.  The  choici'  of  a more  lenient  I or  I . S S 
level  wonlil  h.ive  brought  the  eilp,e“traok  li.it.i  within  I".,  line.irity. 

It  Is  felt  that  the  sliphtly  worse  line.irity  portorm.inoe  ot  the 
tracker  In  the  eilpe  moiK'  i.s  because  tho  1 llPs  were  of  varyinc,  bripht- 
netis.  .Any  concent  rat  eil  1 ipht  source  blooms  somowh.it  on  .i  vlileo 
sensor,  ilepetulinp  on  the  br  i pht  ness , aiul  sources  ol  varvinp,  brlp.htnes 
appe.ir  to  be  illll'i'renf  sires;  therelore,  the  tarpet  Cilpe  po.sition. 

In  relation  to  the  center,  iliflers  \k' 1 1 h respect  to  source  hr  i c.ht  ness  , 
preatly  affect  Inp  I'llpe  t r.iek  white  not  ,ippreciably  .itfeetinp  centioiil 
track. 

System  frciinencv  response  was  verlfleil  to  the  prcilicteil  10  11.‘,  with 
the  pate  beinp  .stationary  in  m.innal  track  aiul  all  t.irpet  movement 
belnp,  containeil  within  the  pate."  'rhe  averape  ph.ise  l.ip,  was  experi- 
mentally liertvi’il  .IS  approx  1 rt.i t e 1 y m 1 1 1 i secoiul.s  Inste.ul  of  the 
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1 1'lt  17.  I'l'i;:  i .-.Umui'  w.is  I'l' rro)' t i I'K*  v.illi  t h.'  iTIi  i-.ini'i.i 

iisi-i!  ihii  Ml;',  ih.'  I'li.iMi'- 1 .1;',  I'xi't'i  ii'.u'iit  . This  si  i), lit  ci' rs  i s U'lu-i'  is 
lU't  i I I'.ihl  I .iiul  W.IS  oxptT  iiiii'iii  .1 1 1 \ viiilioi!  .is  .ipp  i\'x  i iii.i  t w ! v i In-  s.iim- 
lor  .ill  till'  viJoo  iinip.i'  lU'N'iv'i's  usisl  with  t !u‘  ilTV  sy.'-t  iiii.  Ih-o.iuso 
.nn  poi  s i ;•  t oiu'o  v'l  l.ij;  in  t ho  iin.ij-.i'  sonsoi  o.n  i ii's  ovoi  into  t ho  nosl 
Iti'l.l  so. Ill,  this  l.ip,  toiiih;  to  hi'  i iju.in  l i .o.l  t iir.o  oipi.il  to  ono  lioUl 
so. in  ^.ipprox  1 iii.i  t o 1 V 17  i"  i 1 1 i .soooiui;:  I . Thi;.  phis  t lu-  1"  '.i  i 1 1 i .soooiul 
It.iokor  1,1;',  i'i]u.ils  'i  ni  I 1 i .soooiuls , within  ono  ooii'pntoi  s.nii|'lo  I iiiio 
('.7  111  i 1 1 i soooiuls  1 ot  t ho  o\po  i i moil  t .1 1 1 y ih'iii'o.l  1 ,ip,  oi  .ipprox  i iii.i  1 1 Iv 
tS  111  i 1 I 1 1 oioiul'i . iii.iKin,',  t ho  I'loil  i o t Oil  .iiui  o spi-r  iiiiont  .i  1 luiiiihors.  oiju.it 
within  t ho  s.ini'linp.  aoonr.ioy. 
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Tho  ohiol  'purposi'  ot  t ho  liohl  toias  w.is  to  ox.uinno  t ho  prao  t i o.i  1 i t v 
ot  tho  li  I'V  svstom  tor  tiohi  i ns  t i umoii  t .i  t i on  . Ihirini',  .''.ystoiii  o\'.i  1 ii.it  ion 
till'  til'V  svs-toiii  W.IS  i.nooosst  11 1 1 V i n,- 1 .i  1 1 oil  on  .iiu!  romovoil  t lom  soooi.il 
ililtoroiit  tvpos  ot  vohiolos;  t h i roquiroil  no  rioro  t i mo  t h.in  w.is 
involvo.l  with  photomotiio  loohniqno.s.  Tho  til'V  liivl  not  .ittoot  vohiv-lo 
opoi.iiion,  nor  il  i il  tho  vohioio  .ittoot  opor.it  ion  or  .loour.u'v  ot  tho 
til'V.  r.iok.i)',  i n,\;  w.is  i mi'M'.,!  ,iiui  ooiuonimit  ononv'.h  t.'r  t ioKl  ns.ip,o. 

Tho  most  I'r.iotioal  ins  t .i  1 1 .i  t i on  soomoj  to  ho  with  tho  \ iiioo  o.iinor.i 
r.H'iinti'il  on  t hi-  p.un  tnho  with  its  vihoi'  I'otpnt  sont  hv  rii  o i oio.ioo  link 
to  a ilata  o.iii  oont  a i ii  i n;;  tho  ir.ioki'r,  monitor,  aiui  roooii'or.  Tho 
I'.irior.i  .iiul  nioiow.ivo  t i .insml  t t or  aro  lu'th  i u;’,;',oi!  i .-oil  units  aiui  li  i li 
t lino  t il''!'!  loitiwiit  a proh’oi'.  ilnrin;'.  ,ill  tostiii;',.  This  sotnp  roiiuiroj 
no  opor.itor  on  ho.irJ  tho  vohioio.  .i.s  t raokor  iiion  i t or  i np, . il.it.i  1 o i ii;', . 
aiui  rooor.l  i 11;',  wort'  .ill  aooovrp  I 1 shoil  hy  ono  poison  in  tho  il.ita  v.in. 

A snr.ii'i.iry  ot  ui.inpowor  i:.ivin;'.s  .iiui  .issoo  i .it  oil  rionot.irv  .s.ivini'.s  Juriii;', 
sovi'i'.il  tr.iokini’,  .iiui  st.ihili.'or  pro,o,raiiis  ooiuluotoil  liurinp,  I'Y . (>  is 
i no  I lull'd  .1;:  Fiouro  -'i . 

.Wav  Mips  in  hlt'i'o 
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Tlu'  I'.UMmi'tors  I’V.i  I ii  it  I'd  vUuIn^;  l;il'or;Uorv  tost  ini;  woro  ox.uniiud  at 
various  t Invs  dining  fio  ! tostlng.  An  analysis  I't  this  data  winild 
Indioato  systom  dogradat  ion,  iiK'ohanioal  or  olootrioal  drift,  or  an 
opdralor's  inahility  to  mako  t ho  systom  tuiution  pia'i'orly  in  tin-  tii'ld. 
It  was  ai’pai'iMit  t i om  fiold  ilata  and  rosults  that  thoro  was  no  di  it  t 
or  linoarity  dogradat  Ion  bovond  tho  I . il'  toloranoo  sgooltiod  oartii'f. 
This  was  t rno  durinj;  lliu'aritv  and  Innos  i g.h  t (..’oro)  ohooks  during,  all 
phar.os  of  fiold  tostlng. 

An  insgootion  of  tho  tracking,  wavoforms  on  a I'lavhack  oso  i 1 1 o,i;r.'.|'h  of 
analog,  fiold  data  ^dlowod  fow  d i sov'nt  i nu  i t i i-s  th.it  indic.itod  loss  of 
lock.  Tho  situations  with  d i soont  i nu  i t i os  woro  roriodiod  hv  .1  ch.ing.o 
in  tho  fv'oal  longth  of  tho  Unis  to  Inoro.iso  tlu-  lOV.  Those  won-  t lio 
only  f roiiuoncy-ro.sponso  prohli".v.s;  an  ox.imination  ol  t lu'  waviM\>ims 
Indioatod  that  tho  majority  ot  tho  f ri'iiiunic  i os  wiio  well  holow  tin' 

10  II;'  ri'sponsi'  dotormiuinl  during  laboratory  tostin,g.  Since  the 
fri'quoncy  responses  I'f  tho  turret  systems  ol  tho  vehicles  under  ii-st 
woro  Well  below  It'  Hz,  tho  frequency  oonpv'nonts  at  10  ll  - or  .ibovi,'  in 
tho  error  wavoforms  wore  ,gonorally  not  meaningful  tracking,  d.it.i. 

CONCl.HSlt'NS 

Tho  following  conclusions  wore  reached  as  a result  of  the  evaluation 
of  tho  (M'V  Instrumentation  system: 

a.  Tho  CTV  systom  is  linear  and  stable  in  both  italic  and  \' i - 
brat  Ion  or  dynamic  environments  to  within  l,0v  of  the  I'OV . Tho 
accuraev  and  precision  of  the  ti'i'V  systom  is,  thori'lore,  groaior  th.in 
the  nia.ximum  I . 0''.  ti'li’rancos  of  tho  data  roi-oniing  and  pi  i'Ci's.s  i u;; 
systems  and  tho  l.Oll,  tolerances  required  fvir  trackiui;  .ind  .stabilircr 
tost  ing., 

b.  Dynamic  response  is  a function  of  tho  KOV  of  the  vidix' 
camera.  Chan;;os -in  local  length  .iftoet  dyn.imic  roi-piniso  ,ind  moasurc- 
mont  proolsiiMi  inversely,  so  tho  focal  length  of  tho  lens  must  b,' 
carefully  tailored  to  tho  jMrticul.ir  testing  situ.ition. 

c.  Dynamic  rcc.ponso  is  also  affected  bv  gate  .si;e;  i lu  rt'.i.s  i u;', 
the  gate  size  lucre, isos  tlu'  dynamic  respt'nse,  but  also  docie.isos. 
optical  s ign.i  1-t  o-no  i se  per  forr.anco  . i . c also  must  be  t.iiloicv!  to 
the  particular  testing  situ.ition,  but  i.in  o.isily  In-  ch.inj’.Ovl  by  the 
operator  during  the  test  tor  best,  results. 

d.  The  (ITV  systom  presented  n»i  unro.isv'nablo  problems  in  instal- 
lation or  operation  during  fiolvl  testing.  The  v ivleo-rvn  i t or  i ng, 
capability  was  most  v.ilu.ible  .iiul  m.ulo  immcdi.ite  t est -progress  .in.ilysis 
postiiblo.  The  (M'V  sy.item  thori'fore  ai'i'ears  to  bo  a vi.iblo  fieUl 
inslrument.it  ion  systom  i'roducln,g  good  d.it.i  suitable  for  direct  input 
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ti'  tfu'  Al'i'i:  or  oiiy  (i.il  .i-rocoril  i ii;’, 

c.  lioiMiisi'  o.iip.iT.i  liniMiiiy  I’.ii.'tly  .iifoits  il.il.i  .iiul  o.in  vary 
vith  t ir  ' .uiil  iiu’ i rotii.u'ii  t , liiuMfiiv  aiui  oltior  i\iiiiim,i  .''.p -i' i ! i o.U  i on.; 
iiRist  I’l'  xoiilii'i,!  .it  iir.iil.ii  i I'.t  I'l  V.;  1 . Thir  fv-tju  i 'ov ‘i’ I is  i inpo  t ,u' i 

to  viiliioa  r.i'ivr.iS  wIutv'  Hnisiritv  aiul  ai-p>.ot  i.itii'  .no  ilopouJoni  oa 
ttu’  oUotroiiios  th.il  svot'U  iho  I'o.ir:'  .u  ross  [ l.o  \ iiiioon  I'.ioopl  .it  o , but 
sluniKI  .ils'i  tio  .ipplioi!  tvi  so  I i ti-s  t ..  t o oar.i.' i .i.:  at  K si.  tioi.|uont  intoivals. 

KURTlll  K .M’l'I.U'ATU'NS  UK  VnUA'  "iO  I N.S  rR'.'MKNTA'l  h'N 

Tlu-  C'T’.’  .sN.ito.n  i I'pt'i  soiir.'d  o'-.o  ol'  t ho  li’s!  .ii'p  I i o.i  t i on.-,  of  viiit'o 
t oohii  icpios  for  ii'.st  ru!'....'ut.'it  ioa  iusto.ui  o!  riorolv  vii-winr,.  I'v.i  I u.i  t i on 
of  till'  syi.ton  iloiiions  i I : tui  t li.U  tlio  vuioo  i.a'.ior.i  is  .i  vi.iMo  t r.ia:.-- 
iluoor  fiT  dyuai'.iio  a.a'.  static  position  d.it.i  aoipi  i s i i ion  . Tho  iVlX'i- 
succi'ss  h.is  tod  to  r...iny  uniqno  .'.pp  I io.il  ions  of  video  in  t!io 
last  far..-  nt , it  ion  fiild.  i'tio.so  app  I i o.t  t i on;;  inoUido  tho:  if  Autori.itod 
Video  TarpA  I S..orin',  Systoni,  iM  Vidoo  Mu.i.-lo  I'osition  Svstor;.  tf  V i . oo 
.Surf  Mo.'isuro;’i(.'iir  .and  .An.ilvsis  .Systo::;,  .mil  'i  "t  Anton.it  io  Vuli'O  Sh.i’ 
Kraparon;  .\io.i  and  W'looity  Moasariny,  Syit  or.’..; . 


Kipani-  .S  Antor.itod  Vidi'o  r.trp.ot  Soorinp,  S\.sti'r.i 

Tlio  .Ant  oin.i  t od  Video  T.iipit  Sooiltu’.  Svston  (.WTKSA  ntilin's  .'  vi.loo 
caivinM,  a prop,!  ai:ir.'..ib  1 1'  oaloulatov.  .ind  .i  vidoi>  XY  position  di.’iti.oi 
(Kipiiro  '>A.  il'.o  XY  dipit  i''or  is  si.v.ilar  to  t iio  Tl'l'  in  tho  I'l'V  s';;!.”.'. 

1‘xci'pt  tliat,  inslo.i.'  ot  ir.iokin.p,  .1  t.irpot  I'.'int.  art  opoi.itoi-  posi'ioa;; 
a cursor  in  tho  vidi’o  i\'V  and  t lit.  X .ind  Y iv'sition.s  ot  tho  oot  a.'i  .no 
onfiiut  as  di>’,it.il  vord;.  i'lu'  t-ido.'  o.i”’Oim  i .s  .liir.od  .' t .1  .-’otli  t.nsot 
nsod  dniinp,  toi.tin;’  '.r-'o  o.ilibor  '..o.iiv"!:’. . An  intor.iotivo  0.1 1 oul .' t .n 
prop.r.nn  sti'ps  t iio  I’pir.itoi  tlii.nip.h  .lopt  v'p  r i .1 1 o i ,il  iln  at  iv'n  ; uo'o.  tint 
distaiioo.s  in  tlio  vidov'  KOV  o.in  bo  !i''.itod  to  .lotu.il  d i st  .inoi-.;  .it  tho 
tarpot  . Thi'  p.unaor's  airt  t'oint  is  .ii-.iti.’od  .nul  t Ik-h  tho  oursor  i.s 
placed  ovi'f  tlio  ir.'.ip.os.  I’f  lu'los  i...kIo  in  t b.  t.nitot  b\  tho  loir.nl.s 
fired  aiul  thus  tho  t.iip.t'i  is  .si-orod  to"’.oto'\.  At  tho  i-oirplotion  ot 
firinp,  the  caloul.Uor  out'pnts  tho  r.o.in  .ind  .si.ind.nd  dovi.iiion  »'t  t ho 
shot  proup.  TIk-  AV'i'.^S  ol  iniin.ii  o;;  the  lu'Oil  tor  mo.isuiinp  tho  oloth 


t;irp,et  clfri'ctly  tliorcl'y  snvinf’  ( iru’  .iml  manpower  to  clrlvi*  (I('wnr.in(',e , 
lower,  score  anU  raise  the  tarp.el,  and  return. 


The  VUleo  Mu/.>'.l.e  Posit  ion  System  (VMl’S)  Incorporates  tlu*  AV'i'SS 
measure  pun  muz/’.le  movi'irn’iit  witii  ri'spect  to  t lu’  mantlet  over  a 
of  timi’.  A small  conlinuoin:  wave  laser  and  transliictuU  sciiv'u 
mounti'd  on  tlie  pun  mantlet  (l’i}’.ni('  h).  A mirror  is  fasti’iieil  to 


to 

|H'  r lod 
are 
t lie 


muzzle  so  that  the  last-r  beam  is  reflected  back  to  the  I ransl  tu-i'iil 
screen.  liu’  vidi'O  canu'ra  of  the  AVTSS  is  aimeil  at  t lu-  back  siile  of 
the  Lranslncenl  screi-n  and  readinp.s  an*  taken  by  posit  ioninp,  llie  cursor 
over  till'  imap.i’  formed  by  t lie  rellecteil  lasi-r  bi’am  on  t lie  screen.  Tin- 
e.'iiculator  output  is  anp.ular  il  i spl  aci'iiient  of  tlie  muzzle  in  nils  or 
other  di'sired  scientific  units  referenced  to  a position  talo'ii  at  the 
bep.lnninp  of  tesiinp,.  Onci'  ap.iin,  application  of  video  techniiiiu's 
allows  this  data  to  be  aciiuired  remotely  and  lop, pod  more  accurately 
and  rapidly  than  wllli  ot  lier  technii|ues. 


XY  DIClTIXi;! 
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J'lp.uri*  7 Video  Surf  Ne.ijaireiiient  and  Analysis  System 


The  Video  Surf  Measurement  and  Analysis  System  was  ik'Veloi>ed  to 
measure  the  helpjit,  velocity,  and  period  ol  iilunpiiip  surf  throup.hout 
an  entiri'  surf  zone.  Testinp  of  a military  landlnp,  craft  required 
that  this  data  he  ohtained,  howeyer  all  wave  measurlnp  systems  in 
existence  prior  to  the  development  of  the  video  based  system  were 
dnc.’ipable  of  nH'asurlnp  surf  and  could  only  obtain  data  for  a sinpli' 
locat Ion . 
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A float  1 iiu'  is  aiu-lioii'il  on  tin*  boarh  anil  boyoiul  the  surf  zone  (Figure 
7).  The  saiiie  eoinponenl  s of  tlie  AVTSS  are  uLilizeii  witli  the  camera 
posit  ioneil  on  tin-  heacji  sneti  tliat  Its  FOV  ci'vers  the  entire  jiortlon  of 
the  float  line  in  tlie  fnirf  zone.  I’revioui-.l.y  ileti’rmineil  angles  and 
distances  are  entered  into  the  calculator  during,  calibration.  An 
operator  positions  tile  cursor  at  tlie  peak  of  a breaker  and  the  float 
line  and  digitizes  this  position.  Alter  the  brealcer  pasiuns  the  cnrsor 
is  then  moved  vertically  to  the  float  line  as  it  rests  at  tlu'  low 
water  level.  The  calculator  |>rograiu  then  accomplishes  the  necessary 
trij’.onometrv  to  calculate  the  heig.ht  of  the  breaker.  'I'he  addition  of 
a digital  time  base  allows  the  system  to  yield  breaker  vi-locity  by 
digitizing  the  same  wave  crest  at  two  inisitions,  .and  jieriod,  by 
digitizing  two  succeeding  w.avo  cre.sis  at  .a  singl>'  position.  The 
calculator  also  logs  tlie  data  and  performs  .any  .analysis  as  rt>(|ui  red 
by  the  test  urogram. 


Figure  8 Automatic  Video  Shell  Fragment  Area  and  Velocity 

Measuring  S y s t e ms 

The  Automatic  Video  Shell  Fragment  Are.a  and  Velocity  Me.asurlng  Sy.stems 
arc  presently  under  development.  Hoth  systems  ntilir.e  a video  camera, 

<a  progr.ammabl e calculator,  and  a video  digitizer  (Figure  8).  Tlie 
digitizer  allows  a single  viiieo  field  to  be  converted  to  a m.nri.i;  of 
digital  words  corresponding  to  the  gray  scale  value  of  eacli  i>Jctnre 
clement  (pixel)  comprising  tlie  entire  FOV, 

To  measure  shell  fragment  velocity,  a shell  Is  exploded  in  .-in  arena 
with  dark  vinyl  sheeting  along  one  side.  As  the  fr.igmcnt!?  pierce  I lie 
sheeting  a liigli  siioed  f ilm  camera  records  the  holes  as  light  passes 
through  tlie  slieeting  from  a hank  of  i lasli  bulbs  on  tlie  In.side.  Koading 
the  film  fr;ime  by  fr.-ime  to  determine  fragment  time  and  position  for 
velocity  calcul.'itlon  is  presently  a long  and  ardnons  task,  'i'he  vidi-o 
based  system  will  present  eacli  film  frame  to  tlie  video  earner. i,  digit  i:,e 
the  picture,  and  compare  the  new  iiielnre  matrix  with  tli.-it  stored  in 
memory  from  the  previous  frame  thus  determining  new  fragment  lioles 
and  their  loe.ilion.  Data  analysis  that  presently  takes  d.iys  would 
be  accompl Istied  in  minutes  with  tlie  video  based  .system. 
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Tlu-  sami'  systi-iii  can  ali'.o  iiioaaui't'  f raj'.mcnr  area,  ('.oil  Imat  eil  1 lj',ht 
Hoiiri’i'S  at  several  anj>,lt's  project  si  I lionet  I e.s  ol  tlie  frap.imnit  onlo  .i 
t r.insl  ncent  table  above  which  the  rraj'.ment  is  r.uspendeil , A viciei' 
caiiR'i'a  is  plai'Cil  below  the  table'  so  that  tbe  silhonettes  lu'ciMiie  video 
Imaj’.i'::.  Thesi'  viileo  imap.es  are  dij'Jlir.id  and  the  coiiipuler  c;m  tiu'n 
determine  the  area  of  the  various  iirojections  aiul  thus  tlu'  sit-.e  oi  the 
frap.meiit  . 

rn.senlly,  applications  eif  video  to  Inst  ruiuent  ;it  ion  are  limited  by  t he 
spt'eil  and  resolution  ol  the  vieleo  ima)>,e  di'vlces.  As  resc'.irch  improvi'S 
thi'se  p.i  rank- 1 ers , the  aj'p  1 i cat  inns  of  viileo  to  instrumentation  will 
greatly  incre.ise'.  Imap.e  correl.ition  trackers  will  become  more  fi'.isible 
along  with  mucli  mere  extensive  processing  of  the  vldi-o  irnc.g.'.  Tliere 
Is  .'in  enormous  amount  ol  d.ita  yet  to  bi'  extracted  from  the  processing 
of  a vliieo  imago'.  'Hie  ("I'V  I'valu.it  ion  priives  the  I'ffect  I vi'iii'ss  of  .1 
video  based  Inst  rument.it  iv'U  systi'in,  .ind  the  further  app  1 i e.it  i ons 
discussed  here  .ire  only  the  begl  nil  i ng, . 
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GATED  TV  INSTRUMENTATION  SYSTEM, (U) 


US  X R>n’ VbEr'deI'R:' 'proving  ground 
ABERDEEN  PROVING  GROUND,  MD  21005 


Neapon-pointir.g  data  for  the  hit-probability  analysis  of 
stabilized  vehicle-uiountcd  v^eapon  systems  have  long  been  obtained  by 
high-speed  photographic  techniques,  which  do  not  provide  a real-time 
analysis  capability,  as  film  must  be  processed  and  requires  excessive 
data-reduction  time  (film  reading).  Infrared  (ir)  tracking  systems, 
also  in  use,  provide  no  image  and  therefore  are  extremely  difficult  to 
set  up  and  aline.  The  Gated  TV  (GTV)  system  X^igwre  1)  'consisting  of 
a '’ideo  camera,  a tracker  error  processor  (tracl^er)  (TEP),  a video 
monitor,  and  a digital  or  analog  recorder,  v.ull  derive  weapon-pointing 
errors  as  digital  numibers  or  analog  voltages  proportional  to  angular 
elevation-and-azimutVi  errors  in  real  time.  This  output  ran  be  recorded 
or  presented  directly  to  automatic  data-processing  equipment  (ADPE) 
to  obtain  weapon-pointing  data  as  a function  of  time.  This  instrumen- 
tation provides  the  basis  for  measuring  target  ’position,  lead  angle, 
and  target  angular  rate.  Utilizing  such  informa'tion,  stabilization 
and  tracking  studies  of  main  and  seconds rj'  weapon  systems  are  readily 
accomplished.^! MICROWAVE  LINK 


VIDEO  CAMERA 


TARGET 


RCVR 


IR'IITTER 


RECORDER 


DATA  CHECK 
CAPAEILIT’Y 


Figure  1 Block  Diagram  of  GTV  System 
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Slint-  till-  ('fioi'  (.lata  ail'  avallal'li-  In  ii'il  time,  tin'  irst  il  1 1 ci' t i>i' 
can  iiiunltof  const  ant  1 y , |>i  ov  1 d I ii)'.  closo  rontrol  I'l  ilu'  lost  and 
rtipldly  corri'ct  inp,  sJtnat  Ions  that  inipht  result  in  the  lo.'-.s  ol 
valuable  test  Items  or  ciltleal  data;  moreover,  a vldeii  monitor  in 
tlie  system  provides  a iiictoii'  ol  wliere  the  weapon  I .s  point  Inp,.  Many 
costly  retests  are  thin:  avoided,  and  betii-r  control  yields  iiu>re  viable 
da  t a . 

CONCEl'T  OF  SYS'I'I  M (il’bKAT  I ON 


The  (ITV  systi'iii  lU'termlne!:  the  point  inp,  .mp.les  i>l  the  wi-apoin:  and  t i i e- 
cont  rol  systems  o(  combat  vchiclei;.  I'lp.nre  I is  a block  diap.ram  ol 
tills  system.  A video  camera  and  lens  are  mounted  ml  and  boiesip.hted 
with  the  p,iin  tube  of  I In'  combat  vehii  le.  The  vlib'o  pictnri'  is  t rain:- 
mltti'd  by  cable  or  mlcvow.ive  link  to  .in  Ins.t  iuiik'iu  .1 1 ion  van  cont.iininp. 
till'  I'ther  sy.'itiiii  component  ,'i . Tin'  ri'i'i'ived  coiiipo;:  i t e video  sip.nal  is 
fed  to  the  Tl'T,  and  an  annotati'd  viib'o  sip.nal  ii;  led  1 rom  the  tracker 
to  a vldi'o  monitor.  'I'he  t racki'r  i-onverts  llu'  tarp.t't  position  within 
till'  video  pii  lurc'  to  dip.ital  and  analop,  v.ilui's  proport  Ion, 1 1 In  leal 
time  t(>  the  t.arpi't  d isp  I aci'iiient  from  a prt'del  ei  m i ned  boresipht.  These 
values  are  then  recordi'd  on  tain'  or  sent  directly  to  the  Al'l’K. 


Tilt'  two  mi'St  important  components  of  t lu'  (.'TV  svsli'm  .ire  the  video 
ramera  and  tlu'  video  tracker.  The  viiU'o  monltot  is  inerely  a means  for 
viewing  the  data  p.enerat  Ion  and  mi'ii  I l o r 1 lu;  the  tr.ickinp,  phase  ol 
testing.  Although  tbesi'  capab  I 1 i t ii's  are  invaluable  lor  t(";t  control, 
data  checking,  and  svsU'ni  instal 'at  ion  and  .'ilinemeni,  the  viili'o  monito. 
plays  no  part  In  tlu'  et  ror-s  i gna  I p.euei  at  I on  . Thi'  dip.ital  and  an.ili'p, 
recorders  art'  time-tested  devices,  and  while  it  Is.  essi'iili.il  to  the 
operation  of  the  CTV  system  that  they  iunctimi  pioperly,  Ihev  aii'  .'iimpi 
data  logp.ers  .nul  have  nolhinj;  to  do  with  the  ei  ror-s  ip.u.i  I p.ene  1 .1 1 1 on . 


The  video  camera,  long  regarded  as  nu'iely  .111  im.iglng  dcvici',  plays,  a 
primary  lole  in  the  t.’TV  systi'iii.  Since  the  I r.icker  input  is  tin'  vi.li'o 
signal  from  tin'  camer.i,  the  eamera  is  the  irausdiu'er  lor  the  Ci'V 
SYSti'm.  The  video  c.uiu'i'a  must  he  sl.ihle,  rui'.j'.ed,  .nul  liiu.n,  aiid  h.ive 
a wldi'  dynamli  range  to  I'ns.ure  these  c b.i  rae  t e r 1 st  1 i-s  In  t lu'  over. ill 
system  perfi'rm.ince . The  len.';  on  t In'  vldoo  e.im.'ia  must  also  pi'sses.s 
the  same  chavae  t I'r  1 st  1 es  . (diaiiglup,  the  foi'al  li'u.'.tli  ot  the  It'iis 
changes  the  field  I't  vli'W  (I'OVl  ol  the  video  e.im.'r.i.  Slue.'  the  t r.ti'kei 
resolution  is.  a fixed  ju' 1 cent  .ip.e  (O.-'i'i.  veitleall  ol  I lio  lt'\’,  the 
rrsolntion  01  aceur.iev  ol  the  system  Is  a liinetlon  ol  I ho  locil  leiip.lh 
of  the  Jens..  I’or  example,  ;i  dth-lneh  ('ilkS-mml  ttoeal  leiip.lli')  lens  on  t 
1-inch  (25.‘'t-mm)  vidieon  earner. 1 vleld;:  a system  vcillc.il  It'V  ol  I d . S 
mils  and  an  aceuraey  of  'O.O.'i  mil';  an  SO-lneli  IdO’iJ-mml  lens  vields  an 
accuracy  of  '0.02  mil  hut  an  I’ttV  ol  only  A.  8 mils.  A t r.idc  oil  exist.': 
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bet\Jt'en  the  desired  ciccuracy  niid  the  FOV  retjiilrcd  to  accommodate 
system  errors  and  dynamics,  lead  angles,  superelevation,  etc. 

The  tracker  accepts  as  its  Input  the.  video  signal  from  the  camera. 

This  video  signal  is  a high-frequency  anaiog-voltage  stream  of 
sequential  lef t-to-ri ght  top-to-bottom  (ignoring  image  reversal  by  the 
lc‘ns)scans  of  the  camera  image  area.  The  tracker  searches  this  input 
signal  for  a discontinuity:  a voltage  higher  than  an  operator- 
established  threshold,  meaning  a target  brighter  than  the  background; 
or  a voltage  iower  than  a threshold,  meaning  a target  darker  tlian  tlie 
background.  By  identifying  the  target  jiosition  in  the  input  stream, 
the  tracker  di.;termines  tlie  target  position  in  the  FOV.  This  operation 
is  accompllsb.ed  at  the  standard  video-field  (there  are  two  fields  to, 
every  2:1  interlaced  frame)  scanning  rate,  of  60  times  per  second. 

Since  tlie  standard  video  line-scanning  rate  is  approximately  250  lines 
per  field  (500  per  frame)  in  the  active  image  area,  maximum  resolution 
is  1 line  in  250,  or  0.A%  of  the  FOV.  This  resolution  can  be  increased 
by  bigher  scan  rates;  for  Instance,  another  standard  scanning  rate  is 
800  lines  per  frame,  AOO  per  field,  yielding  a resolution  of  1 line  in 
AOO  or  0.25%  of  the  FOV.  The  trade  off  is  that  the  higher  scanning 
rate  is  somewhat  specialized  and  the  associated  equipment  is  consider- 
ably more  expensive  and  less  available.  There  are  applications,  however, 
where  the  higher  resolution  is  required,  such  as  tracking  through  the 
gunner's  sight. 

The  tracker  is  eapahle  of  edge  or  centroid  tracking.  In  the  edge  mode 
the  operator  c.an  select  the  leading  edge  of  the  target  that  he/she 
wants  to  be  tracked.  This  mode  is  particularly  useful  for  large  targets 
that  may  extend  out  of  the  FOV.  In  the  centroid  mode  the  tracker 
digitally  performs  tlie  matliematical  operations; 

X =«  Xda/XdA  Y = YdA/  / dA  , 

to  locate  and  truck  the  center  of  area  (A)  of  the  target. 

A tracking  gate  limits  the  processing  of  target  information  to  an  area 
automatically  adjustable  in  size  from  5%  to  80%  of  the  FOV.  The  gate 
can  be  manually  positioned  or,  using  an  electronic  servo  loop,  the 
gate  will  position  itself  such  tliat  the  center  of  tin?  gate  coincides 
with  the  tracking,  point  (e.ilgo  or  centroid)  in  the  preceding  video 
field;  tlnis,  in  the  current  video  field,  the  tracker  will  only  searcli 
for  the  new  target  position  in  an  area  the  size  of  the  gate  around  the 
last  known  target  position.  I'Jlille  somewhat  limiting  frequency  response 
wllli  small  gate  sizes  tlie  gate  greatly  enhances  the  system  noise 
Immirilty  and  tracking  ability. 


Tlu'  t r;u:ker  j’l'i't'vati'!!  a rotiolc-  kllaplay  on  t ho  uinuitvM',  liuH- 

cntJii)’,  tlu-  c'l'iUor  of  tho  FDV  or  tlio  liorosight  ri‘l  oi  oiua*  point,  'I'hiK 
roticlo  aids  In  syst  om ‘si-t  tip  and  allnoiiu'iit.  An  atlditional  loalnro 
allows  till'  zt'i'o  rol't-roni'i'  j'olnt  to  bo  inovi'd  1 ri>m  llio  oontor  ot  iho  I'l'V 
iiiiil  positlonod  l>y  t ho  oporator. 

’I’ho  trackor  lias  throo  dit'foront  ontpiils.  'I'ho  vidoti  output  pnulnoo.s 
t ho  tlisiilay  on  t ho  viiloo  monitor,  aldlii)’,  systoni  .'otnp,  allnomont,  aiul 
oporation.  'I'hi'  digital  onlpnts  aro  Iho  ohiot  orror  initi'nl  sip.ii-ils, 
as  all  Intornal  prooostilnp,  is  tlip.ital,  and  illpital  data  aro  Iho  most 
doslrahlo  li>r  inilhor  pro>ooss  inp,.  Tliotio  dij’.ltai  sipsials  aro  I's 
complomont  or  11 ' s oomplomoiil,  b to  11’  hit  (ilopond  i ni’,  on  iho  ii-Si'lntlon 
do  t o nil  1 noil  by  t ho  soan  raio)  hltiary  inimbois,  liul  ioat  lin;  t ho  tarpot 
position  In  a oartosian  ooordinato  tashiiMi.  Thi'  aiiditit'ii  ol  analiip.- 
to-dij’ilal  fonvo  I 1 o IS  within  t ho  traokor  j-i'iioratos  altornato  analop 
outputs  varyiiip,  botwi'on  -‘i  and  t-5  vollti,  proport  ion  a I 1 1>  (ho  tarp.t'l 
pos.ilion.  'I'liosi'  analt’p  outpnls  proviilo  a oonvonioni  iiii'ans  I't  ohookini’, 
flold  data.  'I'wo  dip.ital  displays  on  t ho  I ri'iit  panol  of  t ho  traokor 
also  jirovldo  oonvonlont  ri-ailonts  of  I ho  ori  i'r  s i j-.na  I s . 

The  It'aslbility  id  tho  C'i'V  svstom  was  to  bo  tested  bv  ovalnatinr,  i ho 
system  with  the  (ollowinp,  oriti-rla:  tho  t.ysti'iii  should  Innolion  as 
anticipated  and  I'lovldo  at  least  tlu'  same  amoiait  ot  data  as  Is  dorivod 
from  tho  hlph-spood  phot  op.raph  i r ti'chniipios  and  ir  traokiiij',  tvsioms; 
the  systi'iii  shonM  ho  practical  ( rom  a standpoint  ol  ease  ol  installa- 
tion and  oporatii'ii;  tho  system  accuracy  nndor  liold  Inst  rnmoni  at  ion 
conditions  should  bo  at  least  that  demanded  by  tho  tracKinp  and 
stabilizer  Li'Silnp  for  which  it  would  bo  used. 

LAliOKAWKY  TllSTS 

Not  only  was  tho  b'l'V  system  a now  Inst  rumontal  ion  svstom,  but  the  i 

video  camera  was  an  I'litlri’ly  now  form  ol  Iransducor  to  ho  used  lor 

data  collection.  Thus  thi'  viih'o  caiiiora  and  Tld',  iho  main  i i-mpoiu'iil  s I 

of  the  GTV  systmi,  first  nndorwont  oxti'iisivo  lahoratorv  ovalnation 

deslpncd  to  voril''  Iho  oporation  and  accuracy  thioup.h  a polnl-bv- 

point  analysis  of  predicted  outputs  voisus  aolnal  outputs.  lal’oraloiy 

tests  wore  dosip.uod  1 1'  evaluate  sysioiii  static  linoaiitv,  dvnamii- 

linearity,  froipioncy  rosponsi'  and  phase  lap,,  and  iv.ochaii  1 ca  1 i.ial'llltv 

in  a vibration  onv  t ronmont  . 'i'ho  laboratory  tests  wore  dosip.noil  to 

uncover  potential  problem  areas  before  liold  ti'sllnp,  and  to  ptovido  a 

data  base  that  would  minimize  tho  data  to  ho  evaluated  dui'Inp,  Mold 

testlnp.  This  would  allow  tho  chief  concerns  of  the  field  loslinp,  to 

bo  ease'  of  Installation  and  opora.tion,  syfitom  dur.ibillty,  and  liold 

suitability. 
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The  (>l>Jt'cr  Jvi‘  ol  I la'  sfalie  syslem  i-v.il  ual  ion  was  to  tUtermiiu'  a 
correlation  bctwoi'n  the  tarj’.cl  piisition  in  the  I'tlV  aial  the  output  of 
the  system.  Tlie  evaluation  of  the  complete  syslem  was  coiuluctoil  hy 
testiii}’  the  trai’ker  ft)r  liiu'arlty  and  llioii  acldiiip,  tin'  other  conipoiu’iil  s 
of  the  sysli'iii,  i-amora  and  monitor,  anil  evaluatinj',  the  system  as  a 
whole  a^i  each  compoia'iit  was  added. 

To  te.st  the  linearity  of  the  tracker,  a calibrated  v i deo-t  esi -j'a  t t ern 
p>eneralor  w.is  used  to  p.enerate  a video  .sipnal  consisting  oi  a linear 
clot  array  c-ovi'i'Inp,  the-  entiie  I’OV.  'I'he  dots  in  the  liiu'ar  array  were 
asslp.nei.1  numerical  l.ilu-l.s  in  a c.irtesian  coordinate  f.ishion.  A lim-ar 
rep.tessic'n  analysis  was  pc'r<ormed  on  tin'  tracki-r  out)Hit  values  for  the* 
points  as  a numerlc.il  evaluation  of  t racke'r  linearity. 

An  industry  stand.ird  procedure  I'xist!:  foi  evaluatinj’,  the  line.trity  of 
vicloc'  cameras.  This  procedure  utilise’!;  an  I'.IA  Standard  Video 
Linearity  Test  Lh.irt  , .a  video  liar-di>t  mixer,  and  ,a  video  monitor. 

The  ti’st  pattern  is  placed  so  th.il  it  exactly  I ills  the  l’T)\'  of  the 
video  camera.  The  video  output  is  run  throuj’.b  .1  bai-dot  mixer, 
where  it  is  mixc’d  with  a calibrated  clc’Ctronic  j’.rid  and  is  then  ted 
to  the  vidc’i'  monitor.  By  nolinj;  tin’  alim'ment  fon  the  nonitor) 
between  the  te.st  pattern  and  the  eli'ctronic  prid,  the  cami'ia  line.irity 
c.an  be  verified  or  adjusted  t c'  1%  or  leiis  c'f  the  picture  area. 

Durinp,  this  test  n nc’W  sc'lid-state  im.ti’,i'-dev i Cc’  vidcc*  camera  was 
examined.  The  camer.i  ust’d  a cha  rj’e-coup  1 1 d device’  (L(d')  i'l'r  the  im.aj'o’ 
sensor,  which  was  a 120  by  TAA  linear  array  of  1 I j’.hl -!'.cnsi  t i ve  elc’ments. 
The  lini’arily  of  this  cami’ra  was  veriiic’d  to  well  ’within  1'/.  of  the 
picture  area.  Because  the’  picture  c'ii  the’  CLI)  I’amera  is  formed,  not 
by  a sweei-)!!!;;  bi’.-im  but  by  fixed  elements,  thii!  caiiii’ra  was  con.',  idcrovl 
to  be  inherently  tUable  in  linearity  and  I'icture  aspect  ratio.  For 
this  reason,  thiii  camera  wa.s  used  when  posi'.ible  duriiie.  the  evaluation 
of  the  GTV  system;  hcjwever,  much  te.st  inj;  was  acc'omp  I i shcil  before  the 
cell  camera  was  available. 

The  objeetive  of  the  dynamic  syi’.tom  linearity  tc’sl  W'as  to  imikc’  I li<’ 

.samo  linearity  ev.-ilnation  as  the  sf.-il  te  .systc’m  lliie.irity  ti':;t,  but  this 
time  to  use  a nK'>viiii’,  t.’irj’.i't  . Tlii:;  tesit  i;:  an  e>;t  vi'r.iel y valu;\Me 
laboratory  test  because  all  ti’rt  scenario.';  in  which  tliis  insi  rumcntal  ion 
would  be  intod  W’oii  I d be  dyn.imlc.  A linear  .•trra>’  of  2‘1  i’i'm)’'ul  er- 
nclclrossablo  liplit  omittlnp,  diodos  (Id'l'sl  (Fip.nre  I’l  was  I'laci’d 
eomplotely  within  tbo  FOV  (if  a CCIl  sol  i d-!? t ;it  o video  camora,  (’('nni’ctod 
to  tlu’  tracker.  Tiie  I. Fils  wi’ie  li)',bt«'d  In  sncce!;:;  i<>n  by  tin’  computer 
and  the  tracker  dip.ital  ouLi'ul  was  sampli’d  by  t h(>  eompnter  and  stored 
in  the  memory  with  the  LFll  drivinj;  function  for  lat('r  prc>co!!S  i iij', , 
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Figure  2 Dynamic  I/lnc-arlty  nnd  Frequency  Kvnluatlon  Setup 


Sinc(‘  tlie  I.FDs  were  arranged  In  a linear  array,  the  tracker  outputs 
could  be  conijiarfd  to  the  known  positions  of  the  LEDs  to  verify  the 
tracker  dynamic  linearity.  The  linearity  of  the  tracker  outputs 
was  verified  using  tlie  same  linear  regression  analysis  as  in  tlic 
static  evaluation.  Ikaeh  LED  was  activated  30  times  in  succession 
and  llie  array  was  swept  in  a sawtooth  wave,  fashion  so  that  1000  data 
points  (3.7  milliseconds  apart)  were  taken.  As  discussed  in 
following  paragraphs,  idiase  lag  was  evident  in  the  tracker  outputs 
during  tlii.s  dynamic  testing.  The  linear  regression  rouline  accounted 
for  tin's  pliase  lag  by  iterating  tlie  regression  subroutine,  each  time 
stepping  the  tracker  output  data  back  one  sample  Interval,  until  the 
standard  deviation  was  mintmi/ied.  Indicating  the  best  fit.  Because 
field  data  sliould  never  be  discontinuous,  as  were  the  discrete  Lid) 
positions,  the  linear  regression  analysis  was  performed  on  the  Lime- 
displaced  data,  disregarding  data  points  falling  at  the  transitions 
in  LED  positions.  ^ 

Because  the  tracking  system  is  to  bo  used  to  track  moving  or 
stationary  targets  in  a dynamic  (movlng-vchlcle .vibration,  etc.) 
environment,  the  frequency  resiuMise  of  the  system  is  an  essential 
parameter  and  could  be  a limiting,  factor  for  some  applications.  The 
term  "break  lock"  is  used  when  the  speed  of  target  movement  in  tlie 
FOV  has  excc't'ded  1 lie  traeking  ability  of  the  TEE.  Since  the  TEE 
inserts  a gate  and  .-i  target  ilag  Into  the  video  signal  going  to  the 
monitor,  which  follows  the  target  when  it  Js  tracking  pT'operiy, 
breaking  lock  is  readily  visible  to  the  operator.  Breaking  lock 
often  (and  for  extended  periods  during  data  acquisition)  is  cxtreim-ly 
undesirable  as  data  outinit  during  this  time  is  nieani  ng,l  ess . 

Phase  lag  in  also  an  important  parameter,  as  there  is  n delay 
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between  t irget  nr<iii  i siLlon  nml  the  location  and  pre.si  nt  arion  of  t he 

error  outputs.  This  pliase  lap,  must  be  known  wliere  precise  time 

correlation  between  target  pt'sition  and  other  data  outputs  is 

essential  to  the  format  of  the  test  for  wltich  this  information  is 

belnp,  used. 

A basic  uudersLandiup,  of  the  theory  of  operation  of  the  Thl’  leads  to 
the  following  hypothesis  of  system  frequency  response  and  phase  lag: 

a.  The  output  of  the  TKP  is  updated  once  per  field  or  60  times 
per  secoid;  therefore,  the  maximum  theoretical  frequency  for  proj'er 
track  (iiicining  target-deflection  reconstruction  from  the  tracker 
output)  of  pure  sine-wave  dcflc'ction  would  be  30  Hz.  Since  this 
Nyquist  sampling  rate  is  theoretical  and  would  not  yield  a desirable 
output  fot  test  data,  it  is  suspected  that  the  maximum  frequency 
should  be  considered  as  substantially  lower  than  30  Hz,  or  as  low  as 
10  Hz. 

b.  Because  of  the  Icft-to-right  top-to-bottom  (of  the  reproduced  S 

picture)  sweep  of  the  video  Image  device  in  the  camera,  target-  j 

acquisition  lime  decreases  as  the  target  moves  up  and  loft  in  the  FOV.  | 

The  best  case  of  time  lag  in  target  acquisition  was  when  the  target  j 

was  in  tlie  lower  right  coiner  of  the  FOV  (one  sample)  and  In  the  upper  j 

left  corner  (succeeding  sample).  In  this  case  the  output  lag  would 

be  tlie  vertical  retrace  time  plus  two  horizontal  sweep  times  (twc' 
horizontal  sweeps  of  the  target  are  required  for  target  acquisition) 
or  ajjproximntely  627  microseconds.  The  worst  case  would  be  wlien  tlie 
target  moved  from  upper  left  to  lower  riglit.  Tlie  time  lag  here  would 
be  the  time  required  for  two  vertical  scans  minus  two  hori zontal  scans 
plus  one  vertical  retrace,  or  approximately  34  milliseconds.  Since 
all  other  forms  of  target  movement  are  between  these  two  extremes, 

with  the  target-movement  frequency  being  low  in  most  instances,  tlio  I 

average  lag  of  17  milliseconds  between  target  position  and  data  ontjnit 

is  probably  a viable  approximation,  ignoring  the  persistonco  of  the  ' : 

video  image  device  or  camera  delays.  Only  the  area  within  the  gate  , 

is  searclied  for  target  information,  and  the  position  is  produced 

Immediately  following  target  acquisition  in  the  edge  track  mode;  in 

centroid  track  the  target  position  is  produced  at  the  completion  of 

sweeping  the  entire  gate.  Tliis  will  produce  differing  results  for 

rapidly  varying  signals. 

••  » * 

c.  Since  the  gate  po.sltlon  is  updated  once  per  field  and  is 
calculated  to  center  on  the  output  of  tlie  iireceding  field,  tlie  gati> 
will  break  lock  If  the  target-deflection  liorl zontal  component  during 
1/60  second  exceeds  lialf  the  gate  width  or  the  vertical  component 
exceeds  half  the  gate  height. 
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d.  Bc’cnuse  tr;tckJni;  and  pate  dJnpjay  is  lost  as  soon  as  any 
edpe  of  the  pate  poes  out  of  the  FOV,  the  tarpel  must  remain  in  an 
area  of  heipht  equal  to  the  FOV  vertical  dimension  minus  tlie 
helplit  of  till-  pate  and  In  width  equal  to  the  FOV  horizontal  dimension 
minus  the  widtti  of  the  pate. 

This  evaluation  utilized  the  same  method  and  data  as  the  dynamic 
linearity  test.  The  sweeping  LEU  array  (Figure  2)  providi'd  a good, 
accurately  controlled  simulation  of  a moving  targ.et,  and  it  was  easy 
to  compare  the  Id’D  driving  function  with  the  tracker  ouli>r.t  to  verify 
frequency  response  and  phase  lag.  It  was  decided  that  frequency- 
response  measurements  should  be  taken  with  the  entire  targi-t  deflec- 
tion within  the  gale  and  the  gate  in  the  manual  position,  to  climinati’ 
the  variable  of  gate  size,  which  is  operator  adjustable. 

Figure  3 is  a sample  of  several  plots  of  the  bl’.l)  function  and  the  G'l'V 
outputs  versus  time.  Tliese  plots  clearly  indicated  that  the  CTV 
outputs  lag  the  LF.D  positions  by  a generally  constant  time.  This  Inj; 
was  arrived  at  analytically  by  taking  the  average  number  of  data 
samples  that  the  linear  regression  routine  had  to  shift  tlie  CTV  output 
data  to  acJiieve  a best  fir,  and  mill  Liplylnp  that  number  by  the  sample 
interval.  Tlio  average  shift  was  9.37  samples;  samples  were  taken 
3.7  milliseconds  apart,  indicating  t'lat  the  average  lag  is  34 . 7 
milliseconds,  approximately  two  video-fieid  times. 

In  this  experiment  the  LED  driving  function  was  a step  fuivtion,  so 
the  CTV  outputs  could  be  considered  ns  a step  response  having  an 
average  rise  time  of  34.7  milliseconds.  Applying  the  commonly  used 
formula : 

3-dB  frequency  - 0.35  : rise  time 

yields  a frequency  of  10  llz.  Although  3 dB  is  iiieaningless  in  terms 
of  the  digital  processing  within  tlu'  tracker,  thi.s  frequency  could 
be  considered  to  be  the  point  above  which  breaking  lock  would  occur. 

It  was  antlciimted  that  the  CTV  sysitem  would  he  used  exti-nsively  for 
an  evaluation  of  vehicular-mounted  systems,  an  environment  that 
would  subject  the  video  camera  and  li’iis  to  considerable  vilirntion. 

To  evaluate  the  performance  of  the  system  in  this  envlronnuMit  , tlie 
camera,  lens,  and  mount  were  firmly  mounted  on  a jiaokagc  tester 
and  then  shaken  in  such  a way  that  llic  test  items  were  subjected  to 
accel cr.at ions  very  similar  to  (if  not  more  severe  than)  those  recorded 
on  the  camera  position  of  a moving  vehicle. 
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niSl^USSlON  OF  1 AUOKATOKY  TKSTS 

Borauso  1 U U1  roi'oi  al  i n^.-aiul-maasiiv  i ui',  iloviii-:;  aro  imI  ihrat  ad 

to  within  only  I",  of  full  saalo,  this  va  1 no  was  ilioiu'n  as  a 
rritorion  ’ay  wliich  to  )nds.i'  I ho  tn'oiall  aoonraoy  iil  t ho  OTV  s\a;:oiu. 
Tlio  labor.ttory  st  a t lo-l  i noar  i ly  tosts  di'nonst  fat  i'  that  t hi'  liTV 
systom  (iraokor  and  oamofa)  is  1 Inoar  within  T'.  of  f\il  1 soalo, 
bocausi'  all  diffofonoos  hotwoon  t ho  ohsofvod  I'ntpni;:  and  t ho  linoaf 
rogfossion  prodlotod  onti''iits  aro  los.-:  i han  0,0‘i  volt.  Oynamio 
llnoavity  was  oaloulatoii  nsin)',  a 2. 1 S (standard  dovialionl  osaimato 
Icvt'I  , a strlot  liiu'arttv  t'litorion.  p rt-d  i o t i no,  that  of  t ito  t imo 

tho  output  will  bo  within  t ho  oalonlatod  llnoarity.  For  oontroid 
track  ar.imnth  and  olovat  ion,  this  vahio  was  within  To',  lor  I'dj'.o 
track  aiilmnth  and  olovat  ion,  this  valno  was  slio.htlv  o.ri'alor  than 
3%  b\it  was  within  2%.  I'ho  choici'  I'f  a nioro  K'nfont  1 S or  l.S  S 
level  would  h.ive  brony.ht  the  edpo-traok  data  within  I'.,  linearity. 

It  Is  felt  that  the  sllphtly  worse  llnoarity  piilornanoe  ot  tho 
tr.'iokor  in  tho  edp.o  mode  i.-;  bccansi  the  l.F.lks  woro  of  varyiiyo.  brip.ht- 
noss,  .Any  conoont  rated  1 i.o.ht  source  blooun;  somewhat  on  .»  video 
sensor,  dependinp,  on  the  brightness,  and  sources  ol  varvinp.  brip.htnes 
(ippe.ir  ti’  bo  dllfi'ri'iit  iJiro';;  thon'fore,  tho  i.iri’.ot  edp.o  position, 
in  rol.'ition  to  the  center,  iliffors  with  respect  to  sonrci'  hr  i .v.ht  ni'.''-s , 
greatly  affecting  edge  t r.ick  while  not  .ipprec  l.tb  1 y .ilfectinp,  oontioid 
tr.ack , 

System  froiinency  re2:ponse  wa2!  verified  to  the  prodK-tod  1(1  II.',  with 
the  gate  being  st.atlonary  in  mannal  t r.ick  and  all  t.irget  movomi'iit 
being  contained  within  tho  g.ite,'  The  .ivor.-ige  ph.iso  l.ip,  was  experi- 
mentally derived  .is  approxim.itely  IS  milliseconds  instead  of  t lu' 
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1 i'»l  17.  .'^l  ij'lit  poi;;  i .-;t  iMUi'  w.im  I'crii'i't  i Mo  \.ith  t ho  (.Th  o.inioiM 

iisoii  1 h.'  ;'li.o:o- 1 .lo,  I'spo  i i i;:on  I . This  slii.ht  po  ii;  i s t oiioo  i 

iK'tioo.ihli  .iiul  w.is  oxpor  iii-.onl  .1 1 1 \iiiliovi  ,is  .ijipt  ox  ir.M  t o 1 v [ho  s.imo 
tor  .til  [ho  viih-t'  irvtp.o  liovitt';:  us. si  with  t hi'  tlTV  .'tystim.  In'o.iuso 
.iiiv  )>oi  s i s 1 1 iKo  or  l.ip,  in  tho  iin.ii'.o  ;iont:oi  o.iit  ios  ovoi  into  t ho  no\l 
llolil  ;;o.ui.  [his  l.ip.  lon.if;  tv'  ho  i ijti.nt  I i ;-.Oil  ti'.r.o  oiiu.tl  to  ono  I i o 1 il 
sv-.in  [.ip'prox  in.i  I o 1 V 17  i;i  i 1 1 i soov'n.ls  I . Tlti:.  plus  tho  1 ^ ;;i  i 1 1 i 'tooouil 
ti.u'koi'  1 .10,  oi]u.tl:!  T,  n i I 1 i sooi'iiv's. , within  oni'  ooirputoi  s.niiplo  i into 
(1.7  mi  I I i .'wooiuis  1 v' I (ho  o xpo  i i mon  ( ,i  1 I v vlorioo.l  l.i;;  v>i  .ipprv'x  i m.i  1 1 ! o 
Ih  mi  1 1 i I o.v.uv!-: . m.ikin;',  tho  projiotovi  .imi  o \por  imont  u 1 numhois.  onu.il 
within  till'  s.implinp,  noour.u'v. 

KilTh  n Si'.'l 

Tho  I'hiot  'purposi'  ol  t hi'  lioKi  tost;:  w.i;:  to  oxnmino  tho  pr.io  t i o.i  I i t 
ot  tho  t.' r\’  .'iv;;  t out  tor  lioivi  i ns  t i ui::on  t .i  ( i on  . I'urin;',  .'O.'itom  ov. 1 1 n,i  i i on  . 
tho  (1  rV  sv.'itoni  w.is  suovo;:sl  u 1 1 v in.-t.llloil  on  .uul  roi'.iv'\ oil  t i om  .".ovoi.il 
ilittoroni  ivi'o;:  ot  vohiolos;  t h i roiiuitoil  no  riv'to  t i mo  th.in  w.is 
involvo.i  with  photomotiio  t oohn  i .{t.o.s . Tho  HI'V  liiil  not  .ittoot  vohiolo 
I'poi.it  ion,  not  liiii  I lu'  t'l'hii'ii'  ,t'  t I'v  ; opi't.ii  ion  I'r  .loour.tov  ol  tho 
(irV.  I'.iok.ii',  i nj;  W.IS  t u)',;',o.i  .nul  ooiuoniont  onouph  tor  tioKl  us.ip.o. 

Tho  riv';;t  pr.io  t i o.il  inst  .i  1 l.it  ion  soi",".ovi  fo  ho  with  tho  \ iiioo  o.uuot.i 
niountoil  on  tho  p.un  tuho  with  its  viiioo  output  .';ont  hv  m i o row'.ivo  link 
to  it  il.it. I \-.iii  oonf  .1  in  i It;',  tiio  (i.i.'kor,  monit.'r,  .tttil  rooiMilor.  TIk' 
c.irior.i  .Mill  I’lioiow.ivo  t r.insm  i t t o r .no  hv'th  ru,''.;'',ov!  i -Oil  units  .iiui  li  i li 
funotion  witiiont  .i  'pioMov'.  .hirinp,  .ill  tost  in;',.  Th  i sotu'p  ii'nuiroil 
no  opor.itor  on  ho.ir.l  tho  votiiolo,  .is  tr.u'kor  moni  t or  in;', , il.it.i  1 op,;',  i u.;', . 
/iiui  I ooo  I'll  i np,  w'oro  .ill  .iooo"ij' 1 i .'ilioil  hy  ono  I’ors.in  in  tli.'  il.it.i  \'.m. 

A sui'.i'.'i.iry  ot  m.inpowor  savin;',;:  .iitil  .i:::;oi' i.it  oi!  monot.irv  :..ivinp,;:  liuriii;'. 
sovi'i'.il  t ’.  .lok  i np,  .mil  ::t  .ih  i 1 1 Ov'i  proi'.ram;:  oonviuv'tovl  viurinp,  l''V"t'  is 
iiioluilovl  .1;'.  Tipuro  •'* . 

Savinp,;:  in  h 1 ('''0 


n.ita  Aoiiu  i .'.  i t i on  (por  tost") 

Typio.il  tr.iokini’,  to;;t 

pri'v  i on;- 1 V toiiuiroil  ('  wook;:,  u mon,  $lS,0(lil 

(irV  roi’uiios  7 wook;:,  mon,  $‘',('iHl  Savinp,;:  I't  1(1 

Typio.il  st.ibili/oi  to;'t  t;:.ii".i'  .IS  ahovi'l  1(1 

jia_t  a Uovlu.' ! iiyi  (tr.iokiny,  oi'  ;:  t ih  i 1 i .o  i i (poi  to'-.i'i  1(1 

M.I  li'r  Tropr.ims  (li.ii.i  .io(|u  i ;;  i t ion  .m.i  roiluotion  oomhinoii) 

ljulok  I’ox  (oomhiiu'.l  t r.iok  inj',,  ;:t  .ihi  1 i o.v'r,' t .ii  I'.ot  aoiiui-  7(1(1 
i t ion  sor  i os) 

XM-1  Ttink  (•)  traokinp.,  'i  st.ihlli.'or  tosts)  1('(1 

MICA'  ()  tr.iokin;'.,  1(1  ;:( .ih  i I i ooi  tosts)  17(1 

M-(>0  Tanl  (•(  traokinp.,  1(1  st  tih  i I i ;-o  r to;:t;:)  28(1 

Cr.'iph  Anp.lo  (.lir  tloioni.o  tr.iokinp,  si'i  ios)  7(1(1 

TiUal  M.I  i or  Trop.r.im  Savinp.s  9t'l) 
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Tlio  iKUMmi'tt'fs  ovaliiUiul  duting  labof.iti'ry  testing  w-ie  i-n.iiii  i iied  at 
various  t iiiK^s  dining  field  testing.  An  analysis  of  this  data  would 
indie. iti'  system  digrailat  i i,  iiii'ehanieal  or  eli-etrie.il  ilrift,  or  an 
oper.itor's  inability  to  make  the  system  tunetion  piv'i'orly  in  the  tii'Kl. 
It  was  agp.uiMU  t 1 om  field  data  .ind  results  that  there  was  no  diift 
or  linearity  lU'g.r.ulat  I on  hi'yend  the  1 . tV  toler.inei’  spetified  earliiM'. 
This  was  true  during,  line.iritv  and  boresig.ht  f.-ero)  eheeks  vluiing,  .ill 
phases  of  field  testing. 

An  inspeetion  of  the  traeking,  w.ivi'forms  on  .i  pl.ivhaik  ose  i 1 1 og.r.'i'h  of 
analog  field  data  showed  few  d i seoni  i nu  i t i i-s  th.it  iudieaievl  loss  of 
loek.  The  situatii'iis  with  d i -seont  i nu  i t i i-s  were  ri-medied  hv  a ehaug.e 
in  the  foeal  length  of  the  lens  to  iuere.ise  the  l OV.  These  w.  ri'  t lie 
only  f rei|ueney-re;-ponse  prohli'ms.;  .in  ex.im  i n.i  1 ion  ol  t lie  w.ixefoims 
Indieated  that  the  m.ijofity  of  tlu'  f regiuMu- i es  ware  well  hiloi.  tlie 
10  Hz  ri'spoinie  ditermiiu'd  during  l.ihi'r.it  i';  y testing.  Sinee  tin' 
freiiueney  responses  of  the  turiet  systems  ot  the  vehieles  under  ti'St 
were  well  below  It'  Hz,  the  fiequeney  eomp.'nent  ii  .it  10  H-  or  .ibovi'  in 
the  error  wavefoiiiis  were  gener.illy  not  mi'.aiingful  tr.ieking  .lai.i. 

CONCLUSIONS 

The  following  conelusions  were  re.u'luwl  .’.s  .i  ii’sult  ol  the  ev.iluation 
of  the  C rV  Inst  rument  .It  ii-'n  system: 

a.  The  C'l'V  system  is  1 ie.i'ar  .ind  .‘it.ible  in  both  ,'t.>tie  .nul  vi- 
bration or  dyn.amie  environments  to  within  1.0'  of  the  I'OV . The 
accuracy  .ind  preeisi.ni  of  the  ll'i'V  system  is.  tlu-ret.'ie,  greaier  than 
the  maximum  1 . 0".  toleranci’s  ot'  the  data  iieordint’.  .ind.  pi  .'ces.s  i ng, 
systems  and  the  1.01  toler.uu'es  required  tor  tr.ieking,  .in.i  st.ibilieer 
test ing. 

b.  Dyn.imic  response  is  a function  ot'  the  KOV  I'l  the  video 

c.imera.  Ch.ui,ges-in  to.g-il  length  .ifteet  ilyn.imie  re.'.ponse  .uui  me.isuro- 
ment  preelsii'ii  invi'tselv,  so  the  foe.il  length  of  t b.e  lens  r.u.st  be 
c.'irefully  tailon’d  to  the  p.utieul.ir  ti'stin,g  situation. 

c.  Uvti.imie  response  is  .also  affeete.l  bv  gate  s.i;e;  inere.i.-:  ing, 
the  gate  size  lnere,ises  tlu  dyn.imie  vi'.'q'on.se , but  .also  vieeie.iseii 
optical  s Ign,' l-to-no  i so  jier  f er:;,inee  . Si.e  .ilso  mu;;t  be  t.iilered.  to 
the  p.irticular  testing  situ.it  ion,  but  e.in  e.islly  be  eh.mged  by  the 
operator  during  the  test  tor  besi  results, 

cl.  The  CTV  system  presi-nted  no  unreason. ibU'  problems  in  in.st. il- 
lation or  operatli’ii  during  fii'ld  le.sting.  The  v ideo-m.ni  i t or  i ng, 
capability  was  most  v.ilu.ible  .nul  m.ide  Imm.uli.ite  t est -I'togress  .an.ilysis 
possible.  The  C fV  sy.item  thevi'fore  .ipi'e.irs  to  be  a viable  fleKl 
Inst rument.it  Ion  system  I'rodueing  good  d.it.i  suitable  for  direct  liquit 


I 


1 1'  thi'  Al'i'l".  or  .U1V  li.ii  .i-ii'i  01I.I  i I!;’,  systi’iii. 

i'.  Ih'i'.uisi'  iMCU'r.i  litUMiiiy  j’.ii.itly  .iil'i'ils  J.il.i  .iiul  ran  vary 
vlt^  t iira  atiil  tin  i ranrii'iit  , lliu'ai'ilv  aiui  t'ttuT  raiiiiTa  np.'cil  ioal  ii'ii.. 
iiuist  l>c  \'i'i  ili.'tl  .i!  It.' y i; ! ai  i r.t  fi  vr.  1 . T’a  i r I't-iju  i >t‘r'  i’ t is  I iiipa  ••  t a"  I 
to  vitliti'n  cariiof.iS.  whoit'  linoariiv  aiitl  ai.t'Ot  l vat  it'  avt-  tlopoiitloul  t'li 
tlu'  o 1 1 t- 1 Vt'n  i fs  tliat  lavoou  tlio  tuair  at  Vi'ss  tl.o  viilitt'u  t aropi  at  o , Init 
shoiiltl  also  1)0  ai''plit'tl  to  solid  :tato  oai'.i.'ia..  at  K:,-.  t votpu-nt  intiiva 


Ki;RTiii:u  Al’i'l  u'.vnoxs  I'l'  vinKo  'I'l'  iNsrR''Mr\"rAi  it'X’ 

'ritf  {'TV  s\sto.n  roprt  at'iiroii  t'l'.o  I'l'  tlu-  li'sl  api’ 1 i ra  t i tni.--  I'f  vitloi' 
t ot-hn  i (pios  ft'!'  i rat  Vtii-.A-ul  at  i I'-a  insto.iJ.  ti!  -.'u-rolv  viowini;.  Tvalnalit'ii 
of  tlu-  systt-n  (Ifi-.'.i'nst  r.it  otl  that  tlu-  viiKs'  t..i;'.i’ra  is  a vial-K-  t ran;.-- 
tliut'v  fi'v  tlyi-.ar-.uo  aii'l  statir  pt'sitit'n  data  aripi  t s i r it-n  . Tlu-  hTV's 
siicrt-ss  has  1 .o.!  to  v.aiiy  unitpu'  .-.ppl  ioal  it-ns  til'  vitioi'  in  tin- 
i list  Mir.'  n I at  i on  t'ioKl.  rho.-u'  a'pp  1 1 o.i  I i t'ln;  intliulo  tlu;  I '»  Autt'r.at  i-d 
\'ii!t.-a  Taijpt  Sii’i'in-;  Systt-ni,  V)  I'i.ioi'  Mti.r.-lt-  I't’sition  S>'stt'm,  O \'i,T-t' 
Surf  Moasuroriont  ani>  Analvsis  Systori,  anti  ^ Auit’inat  it-  Vitloo  Slu-l  1 
I'rapar.i-nt  .'vM-.i  and  Voloolty  Moas-uriint  Syst  tr.-.a . 


I'ip.ufo  ?>  Antt'iratoti  Vit'oi'  fatpat  Soorinr.  S\s-It'ni 

Tlu-  Autoinatid  Vidot'  Taryot  Soi'iin-t  Svston  (AVTl';'>')  utiliros  a vidot' 

carPtMM,  a pvo;',t  ai.ir.-.ahlo  o.;l  oul  at  .'V  . aiul  a vitloi'  XY  posit  ii'ii  tii-.iti.'oi 

(l-'i}’,uro  ‘0.  Tl'.o  XY  d ip  i t i t'or  is  si.-.-.ilar  to  t ho  Ti'T  in  tlu-  ('I'V  s'st'".: 

oxcopt  that,  insti-a.'  t>i  tr.tt-kinp,  a t.npt-i  point,  ati  I'pi-iati'r  pi-'S- i i i t-n 
a cursor  in  tlu-  viiit-i'  Ki'V  aiul  tlu  X ami  Y -posit  ii'ns  I'l  tlu-  tin  .:oi  .--.i- 
otirput  as  tlip.ital  i.-t-ri!;.  TIh-  vid.t-o  i-a-u-ra  is-  ai-.iit-tl  at  a v-’t'th  taip.i-t 
used  (lurinp.  ti-stinr  'arpt-  o;ilil't-r  Wt-apt'-is , An  int  t-i  a.-t  i vo  t-aU-ulait'i 

pri\v;raan  sti-ju;  tlu-  I'pt-ati’t  t In  oup.h  appiu'pr  i at  t-  v al  ihi  at  it-n  sual;  Iliat 

(Hstanot-s  in  tlu-  viih-o  !'iiV  oan  hi  rolali-i!  it'  at-tual  tl  i :-t  anoi-,;  at  t lu- 

tiirp.ot.  Tho  p,unni''s  alr.i  point  is  .i  i p,  1 1 i .-vd  aiul  tiu-n  tlu-  ours.'r  is 

pltiood  ovor  tho  lii-ap.i-s  I'f  lu'li-s  i.-.ado  in  t ht  tarp.i-t  I"  tlu-  M'uiuis 

firoil  and  tlui-;  itu-  tarp.t-i  i *■.  soi'ii-d  t u-vii't  o I \ . At  t lit-  t-tuiip  1 1- 1 i t'li  oi 

firlnp,  till-  c;i  I ou  I a 1 1' r outputs  tlu-  r-.t-an  aiul  .siand.iiil  th-\iatit'n  t't  t lu- 
shot  pftnip.  Tlu-  AVTSS  t-l  iminal  os  tho  iu-i-»l  it'i  im-asuv  i up,  tlu-  oK'th 


t;irp,ol  clln-ctly  tliorcby  finvlnf*  I iru'  ami  inan)H>w('r  to  drlvo  downranj’o , 
lowor,  ni'oro  aiul  la  iso  t lio  t arj'.ot,  and  rotvii  n. 
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Klj’.nrc’  A Vldoo  Mnz/.lo  Posit  ion  Systoin 

Tlio  Video  Muzzle  Po.sition  System  (VMl’S)  Ineoi'jiorat  es  tlie  AV'l’SS  to 
measure  };un  muzzle  movement  witli  I'-speet  to  the  mantlet  over  a pi-riod 
of  time.  A small  continuous  wave  laser  aiul  I rails  1 iicfuit  screen  aii' 
mounted  on  the  pun  mantlet  (Pii’.ure  h)  . A mlrn'r  is  fastened  to  the 
muzzle  so  that  the  laser  hcsim  is  refleeteil  hack  to  t lu*  trausluei'iit 
.screen.  'I'lu’  video  camera  of  the  AVTSS  is  aiiiu'd  at  t lu‘  hack  side  of 
the  I r.'ins  1 uci'ut  screen  and  readiu)',s  an-  t.nken  by  pos  i t i I'u  i np  the  cursor 
over  the  im.'ip.e  formed  by  the  ri’flectetl  laser  bi'ain  on  the  scret-n.  Thi- 
calculator  output  is  anp.ular  il  1 splacemenl  of  the  muzzle  in  mils  or 
other  desired  scientific  units  referenced  to  a position  taken  at  the 
bep.Inninp,  of  teslinp,.  Once  ap.ain,  appl  1 c;i  i i on  of  viileo  t ei-hn  i (im's 
allows  this  ilata  to  bi‘  aoiuired  la'iiiotely  and  lop, pod  mori'  accurately 
and  r.apidly  than  with  otlu'r  t echn  i<iui'S . , 
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Fipure  7 Video  Surf  Me.-niu remi'ut  and  Analysis  System 

The  Video  Surf  Measurement  and  Analysis  System  was  develo)H'd  to 
me.isure  the  lu'lpht,  velocity,  and  period  of  plnnp.lnp  surf  thronp.houl. 
an  entire  surf  zone.  TesLinp  of  a mllit.iry  l.andlnp  craft  required 
that  this  data  he  ohtalned,  howi-yer  all  wave  measurinp  systems  in 
exlstenci-  prior  to  th(>  tlcvelopmeiU  of  the  vidc'o  based  system  wi're 
incapable  of  nK’asurlup  surf  ;ind  could  only  obtain  data  for  a sinple 
locat ion . 
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A fJo.it  ] Iiu'  i.s  iim  lKni'il  ini  tlic'  bi.';u  h anil  beyond  ibc  surf  zone  (Tigure 
7).  The  sam  - lorapoiu  nl  ;•  of  the  AV'l'SS  are  ut  ilizi'd  with  the  camera 
positioned  on  tlie  beacli  r.iich  that  its  l''OV  covers  the  tmtire  portion  of 
the  float  line  in  tin'  surf  zone.  Previously  determined  angles  and 
distances  .ire  entered  into  the  calculator  dnrin>;  c.il  ibra  t i on . An 
operator  jiositions  the  cursor  at  the  lu-.ik  of  a bri-aker  and  the  float 
line  and  dip.itize::  this  position.  Alter  the  breaker  passes  the  cur.sor 
Is  then  moved  vertically  to  the  float  line  .as  it  ri>sts  at  tlie  low 
water  level.  i'he  cilcul.ator  progra>!i  then  .iceomp  1 i slie.s  the  necessary 
t rip, o Home  1 ry  lii  c.ilculale  the  height  of  the  hrealier.  'Ihe  addition  of 
a dlj'.it.il  Lime  base  allows  the  sy.stem  to  yield  breaker  velocity  by 
digitizing  the  same  wave  crest  at  two  por.il  ions,  and  period,  by 
digitizing  two  succei'dinj’  wave  crests  at  a siing.le  po.sition.  The 
calcul.ator  al.so  logs  the  d.it.i  and  perfoims  an)'  analysis  as  retjuired 
by  the  test  urogram. 


D 0 


I'RACMIiNT.^ 

't.-.v 


C'> 


DUlli'AI, 
ClWri:  J KK 


T^coi.hiyevn'.n 


TRANShUt’KNT 

TAbhE 


hicirr 

SOLlKt'.hS 


vim:o  ' 

DlClTlhhj; 


VIDKO  CAMERA 


Figure  8 Automatic  Video  fdiell  Fragment  Area  .-ind  Velocity 

Measuring  Eystem.s 


The  Automatic  Video  Shell  I’cagment  Are.i  and  Velocity  Measuring  Systems 
arc  presently  under  development.  Botli  systems  util  Ir.e  .a  video  camera, 
a programmable  calculator,  and  a video  digitizer  (I’igure  8).  Tlie 
digitizer  allows  a single  vidi'o  field  to  be  converted  to  a matrix  of 
digital  words  corresiiondi ng  to  the  gray  scale  value  of  each  picture 
clement  (pixel)  comprising  the  entire  FOV , 

To  measure  shell  fragment  velocity,  a shell  is  exploded  in  an  arena 
with  dark  vinyl  sheet  ins;  along  one  side.  As  the  fragments  pierce  the 
sheeting  a high  siH'cil  film  camera  records  the  holes  as  lij'.ht  passes 
througli  tlie  slieeting  from  a bank  of  fia.sh  bulbs  on  the  in.side.  Reading, 
the  flJm  fr.'ime  by  fr.ime  tii  deti'rmine  fragment  time  and  position  fi'r 
velocity  calculation  is  jiresently  a long  and  arduous  task,  i'he  video 
based  system  will  present  each  film  Irame  to  the  video  earner. i,  digitize 
the  picture,  aiul  compare  the  new  picture  matrix  with  that  stored  in 
memory  from  tlie  previous  fr.ime  thus  determining  lU'w  fr.igmenl  holes 
and  their  location.  Data  analysis  that  presently  takes  days  would 
be  accomplished  In  minutes  with  the  video  based  .system. 
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'I'lu-  sanK-  sysli'in  ciui  alfu)  measuro  f raj'.mont  area.  Oolllmati'il 
Hourcos  at  si'vi’ral  aiii;li‘s  proJiH-t  .si  1 lionet  toa  ol  the*  f r.ij'.mciU  oiilo  .i 
traiu’.liu'oiu  tal>U“  abovi-  which  the  fraj’.iiH’nt  is  fuispiMuksl . A video 
cami'i'a  is  pl'aced  below  I lu'  table*  se)  that  the  si  1 lioue  1 1 c*s  beci'ine  video 
Imat’.i's.  Till  se  vidi'o  iniap.es^  ‘ite  ili  j;  I I i ziii  and  (he  computer  c.'iii  thi'ii 
di'tiTiiiim*  till*  aiea  of  the*  v.nrlous  pri)  )ect  Ions  aiul  thus  tin*  .s  i r.e  of  tlu* 
flap, men t . 

I’li'.a  at  1 y , .ippl  Icat  ions  of  video  to  Instruiuent  at  iou  are  Jlmlted  by  tlu* 
spei'il  and  le-solution  ol  tlu*  vlili*o  imap.e*  di*vlces.  As  resc*ari-h  Improves 
these*  p.i  r.'ime*! «' rs  , the*  app  1 i e-a  t ie'iis  I'l'  viele*o  to  i list  rumeiu  .i  I i on  will 
greatly  Incri’.n-u*.  Imap.e*  e‘orri*l.it  ion  trackers  will  becenm*  iiunu*  fe*.isibli' 
along  with  mncli  men*  ext  i*ns  i ve  proce*ssing  of  the*  viiU*o  Irn.ij.i*.  Tlu*re' 

Is  an  enormous  amount  eil  elat.i  ye*t  to  be*  e*xlr.ioted  from  the  proei*fis  i up, 
eif  ;i  vleleo  imap.e*.  'I'lu*  (I'l'V  ev.iluatieni  iire'Vt*s  the  e*  f f ec  t I ve*ne*ss  eif  .i 
video  h.isi'd  i list  ruiiie'nt.it  I on  systi*ni,  .iiul  the  furl  her  appl  i c.it  i ons 
discussed  he*re  .ire  only  (he  beg  I iin  i up, . 
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